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ABSTRACT 


A review of the studies supporting the unitary 
perception and the exhaustive computation hypotheses of 
ambiguous sentence perception suggested two important 
factors in developing an appropriate model -- i) bias, set 
and context effects, and ii) type of ambiguous sentences. 
Conventional experimental tasks to index sentence complexity 
were also found unsuitable for comparing ambiguous and 
unambiguous sentences. Measures of heart rate (HR) change 
were proposed instead. Following the works of Lacey (1959, 
1967; Lacey & Lacey, 1970) it was suggested that if 
ambiguous sentences are processed exhaustively the degree of 
HR acceleration during their processing and subsequent 
deceleration should be greater compared to unambiguous 


sentences. 


For Experiment 1, six high- and six low-bias ambiguous 
sentences and their respective pair of controls were 
selected from a previous study (Mohanty, Note 1). High- and 
low-bias sentences were those for which more than 80% and 
50-70% of the paraphrase responses, respectively, indicated 
the same meaning. The sentences, divided into three 
randomised lists each with clusters of two high-, two low- 
bias ambiguous and eight unambiguous sentences, were 
presented visually to 30 male undergraduates (10 subjects 
per list). Sentences were exposed for five seconds each 
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(warning signal), five seconds interval, and four second 
probe-words. Subjects were instructed to indicate by a 
button-pressing response if the probe words related to the 


meaning of the sentences. 


Percentage of HR acceleration following the sentences 
were analysed in a Groups x Ambiguity x Bias x Sentence 
Cluster repeated measures Latin square design. Significant 
Ambiguity x Bias and Ambiguity effects were obtained. 
Further, ambiguity effect was significant in the low-bias 
condition but not in the high-bias condition. Percentage of 
HR deceleration data showed significant effect of ambiguity 
for both the bias conditions. Analysis of RT to probe-words 
of different types suggested that exhaustive computation of 
low-bias ambiguous sentences is followed by a perceptual 
suppression process leading finally to acceptance of one 


meaning. 


In Experiment 2, with the bias of ambiguous sentences 
controlled at 50-70% {low-bias) level, effects of lexical, 
surface- and deep-structure ambiguity on perceptual 
complexity of sentences were compared in a similar design 
and using the same measures as Experiment 1. Eighteen 
ambiguous sentences (six from each type) and their 
corresponding pair of controls were divided into three lists 
with two sentences from each of the ambiguity types and 12 
unambiguous control sentences and were presented to 30 male 


undergraduate subjects in three groups. Analysis of the 
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percentage of HR acceleration scores showed significant 
Ambiguity x Type and Ambiguity effects. Acceleration due to 
ambiguity was significantly greater for the deep structure 
condition compared to the surface structure and the lexical 
conditions. Ambiguity effect was Significant for HR 
deceleration. Ree sae of RT to probe words’ showed 


Significant Ambiguity x Type interaction. 


The results were interpreted as supporting the 
hypothesised dual process nodel -- unitary perception for 
high bias and exhaustive computation for the low bias 
ambiguous sentences and as showing that the perception of 
ambiguous sentences is primarily a cognitive phenomenon. 
While deep structure type of ambiguous sentences were shown 
to be more complex, it was suggested that the nature of such 


perceptual mechanism is not yet fully understood. 
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CHAPTER I 
INTRODUCTION AND REVIEW 
"For names are finite and so is the 
sum-total of formulae, while things 
are infinite in number. Inevitably, 


then, the same formula and a single 
name have a number of meanings. * 


Ambiguity, or the phenomenon of multiple meaning, is an 
unavoidable property of natural language. However, it has 
often been discussed as a pathology of language -- as a 
phenomenon that is responsible, at least in part, for lack 
of clarity or eguivocation in language. Aristotle discussed 
ambiguity in several of his writings to expose the fallacy 
involved in certain reasonings and the deceit of concealing 
one proposition within another. Since Aristotle, a number of 
philosophers and linguists, Quintilian, Vaugelas, Bally, and 
Jespersen, to name only a few, have looked upon the 
phenomenon of ambiguity “as a shortcoming of language users, 
as a deficiency of the system of natural language or both 
qsee Kooij, 1971, for a discussion)." On the other hand, 
there are those like Empson (1930) who have considered 
ambiguity in language as necessary. Empson (1930) quoted 
from the preface of Oxford Poetry, 1927 to describe the two 
opposing forces in literature and poetry: “an asceticism 
tending to kill language by stripping words of all 
associations and a hedonism tending to kill language by 
dissipating their sense under multiplicity of associations 
(p.- 234)." Empson considered his seven types of ambiguity as 
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‘beautiful’ when they maintain the unity of the ideas that 
must be expressed and understood the way the author wanted 
them to be. Empson concluded, 

An ambiguity, then, is not satisfying 

in itself, nor is it, considered 

as a device on its own, a thing 

to be attempted; it must in each 

case arise from, and be justified 

by, the peculiar requirements of 

the situation. On the other hand, 

it is a thing which the more 

interesting and valuable situations 

are more likely to justify (p.235). 
Whereas the negative view looks upon ambiguity as an evil in 
the communication system, in the positive view of Empson it 
is, under certain circumstances, necessary and justified. 
The former is, obviously, in sympathy with the recipient of 
a message -- the reader or the hearer -- because ambiguity 
is thought to be deceitful and misleading. The positive 
view, on the other hand, is in sympathy with the speaker or 
the writer because ambiguity is seen as a tool that he must 
- occasionally use to preserve the unity of the language 
system and to express multiple ideas in a single 
proposition. However, there is nothing inherently beautiful 
or deceitful in a potentially ambiguous utterance; it is 
beautiful when, as Empson has argued, it effectively 
communicates the speaker's ideas to the hearer and it is 
deceitful when it fails to do so. In other words, in certain 
cases, in the use of puns for example, it is desirable that 
the reader or hearer perceive the ambiguity in a sentence to 


appreciate its meaning. Such perception, however, depends 


upon the nature of the mechanism that we normally use to 
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comprehend what we read or hear at least as much as it does 
on the formal nature of the language input. In fact, 
ambiguity exists only in the interaction between the two. 
The present work deals with certain aspects of this process 
of understanding the meaning or meanings of sentences that 


can be potentially ambiguous. 


Three major models of perception of ambiguous sentences 
have been proposed. According to the Unitary Perception 
model ‘(Garrett, 1970; Lashley, 1951) we process only one 
possible meaning of an ambiguous sentence; the other meaning 
is ignored unless justified by a subsequent context. Two 
other models, however, have suggested exhaustive computation 
of all meanings leading to the acceptance of one (Foss,1970; 
Foss & Jenkins, 1973; Lackner & Garrette, 1972; MacKay, 
1966; Shanon, 1974). One of these, the Perceptual 
Suppression model (MacKay, 1970; Olson & MacKay, 1974) 
hypothesises a simultaneous and subthreshold activation of 
all meanings competing to suppress each other in an 
interactive process. Finally, the Perceptual Closure model 
(Bever, Garrett, & Hurtig, 1973) suggests an exhaustive 
process of perceptual mapping from the surface to the 
underlying structure within the boundary of each {ambiguous) 
clause at the end of which there is a perceptuai closure 
involving acceptance of one meaning before the next clause, 
if any, is processed. This model postulates differences 
between lexical, surface structure, and deep structure types 


of ambiguous sentences in terms of processing time and 
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difficulty. A discussion of these models and a review of the 
evidence in support of each suggests that there is no clear 
support for any single model and that a number of factors 
must be considered in dealing with the major issues in the 
area (see Mohanty, 1976, Note 1). They are: i) bias, 
linguistic and non-linguistic context, perceptual set, and 
subjective salience of a meaning etc., ii) type of ambiguous 
sentences (e.g. lexical, surface-, and deep structural), and 
iii) nature of experimental task (e.g. reaction time, 


picture verification time, completion time, etc.). 


a) Unitary Perception Hypothesis: A non-interaction process 
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There has been some claim that hearers of an ambiguous 
sentence process one possible meaning at a time; the other 
meaning is vanored compietely unless a subsequent context of 
the sentence seens’ to justify it. It is as if he is led 
along the ‘garden path" and must go back to the starting 
point when he discovers the interpretative error (Garrett, 
1970). Lashley (1951) wrote about ‘priming* of a particular 
meaning by a subthreshold activation of a whole system of 
associations which leads to an anticipation of a particular 
structure in the speaker as well as the hearer. Lashley's 
idea is a neurophysiological translation of the Wurzburg 
School's concept of "determining tendency! Or 
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or a plan before the recognition of the temporal ordering of 
a sentence. Lashley was trying to argue that a linear 
probabilistic model (Markov process) is inadequate and that 
one has to assume an integrative structure which causes a 
selective access of one meaning of an ambiguous unit. After 
priming his audience with the phrase ‘rapid writing Lashley 
read the sentence, 

Rapid |{ riting { with his uninjured hand 

saved from loss the contents of the 

capsized canoe 
and pointed out that the associations which give meaning to 
“righting * are not activated until the hearer hears 
‘capsized canoe". Comprehension of the meaning of a sentence 
is usually governed, according to this model, by a 
congruence between the ‘determining set' and the meaning 
derived from semantic and syntactic relations of the words. 
When ambiguity is noticed the two meanings are not processed 
simultaneously in an interactive manner; they are accessed 
and evaluated one after the other. In other words, 
computation of one meaning is independent of computation of 


the other. 


The unitary perception hypothesis has one advantage, 
namely that of relying on the economy of our sentence 
comprehension mechanism. Since part of what we hear is 
ambiguous in some way or other perception of one meaning at 
a time must be an effective way of handling the ambiguous 
input. The semantic context of such input serves to 


effectively bias the perceptual process toward the related 
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meaning. Even when prior context of an ambiguous sentence 
does not have any obvious or strong biasing effect this 
hypothesis would claim that we normally take any meaning 
available first and go along with it until A is is 
disconfirmed. In any case, perception of an ambiguous 
sentence poses no special problem as such. However, it is 
quite likely, as Thorne (1966) has argued, a hearer of an 
ambiguous sentence sometimes keeps both the interpretations 
with a Certain degree of belief in each and abandons one on 


subsequent contact with a disambiguating context. 


Experimental support for the unitary perception 
hypothesis. Some experiments have shown that, in processing 
the meaning of sentences, people take as much time for 
ambiguous sentences as they do for unambiguous ones. FOSS, 
Bever, and Silver (1968) asked their subjects to verify 
whether or not pictures shown at the end of a sentence 
perreseneed its meaning. Verification time for ambiguous 
sentences was longer than that for unambiguous ones only 
when the pictures depicted ‘unexpected* meaning of the 
ambiguous sentences. Cairns (1970) replicated the results of 
Foss et al. (1968) using disambiguating sentences instead of 


pictures. 


Results of these studies were interpreted as supporting 
the garden path phenomenon. However, they can also be 
interpreted as showing that although people compute both 


meanings of ambiguous sentences they compare the meanings 


See yok 


a 7 ie mn | 
vie vd | that ~ mahi . 
seal Siig me. salen ae ae ia inc ae 
7 Des : ae es ee a Pe eh 
| augopkdus ns ~ ‘ 3 
SP Re sz0naeort | ow 
2 ts 792888 Bs ,boupre ai e2etyie 
ta aoktasenyaegok ott di m 
na eo anobisds ie dale ae saat ily 
soitagerss valgian gue gel 4 " 4 
pakesepora “nk that bela in bs 
102° ome dove as “eke Biqaed 
i) aot 25a » eisovy bdmeae oz ary yeas an ‘ sunnaoase ew a as 


LESS a ‘agoapais -mbouts bakes. ween, save bie ae : 


' 


eoansaee & 30 bus oa . +5 aiede a oxutoiq doa. 2 oded fy 
ey 7 
aveosp idas t0% ans noLosce2aas¥ -poxneen ab. Sesuvaviaed : 
; i art 2 ee yh 7 a 


! 


thao mete) avouptdnens TOX ’ gat ned. “aepaod! aay | aenactaen 
2 hy 7 
ve 


ei? Bo - yeees, *hastoaqaeny” bovonga actos oh: = —- 
to a> dumea edd: Bedpviiaas qerery antiag ents tne one. 


40 bagaaat aon shaienil utah waite duemidhces 


. 
bf 
i 
fe 


A 


a a 
bin Ciena 
oe as 


t 


ile 


serially with the more probable meaning compared first. 


Studies by Carey, Mehler, and Bever (1970a, 1970b) used 
a setting technique to deliberately introduce bias in favor 
of one meaning of the ambiguous sentences. Bias was defined 
as the probability that one of the meanings is perceived 
rather than the other. Ambiguous sentences like They are 
visiting sailors were preceded either by five progressive 


sentences (e.g. The are unearthing diamonds) or by five 


adjectival sentences (e.g. They are incoming signals). When 
the syntactic set was strong enough so that it elicited a 
set-compatible response and also the subjects were unaware 
of tie other meaning, the processing of ambiguous sentences 
required no more time than the processing of unambiguous 
ones. This study, of course, does not unconditionally 
support the unitary perception hypothesis. The results show, 
at best, that when there is a strong biasing context, 
perceptual process can be directed toward one meaning 
ignoring the other. As will be shown later, this study as 
well as others demonstrates the necessity of considering the 
effect of context or bias as a significant variable in 
developing a model of perception of ambiguous sentences. The 
term ‘'bias' is used here very broadly to include all the 
factors that determine the relative strength of the meanings 
of an ambiguous sentence. In other words, bias can be 
thought of as a combination of factors determining the 
probability with which hearers of an ambiguous sentence 


accept one meaning over the other. Support for the unitary 


| " heantes abe ae 
\pa¥ keoteq: ab eer 
“*‘gz8 xed oatt ssn moolah 


‘eA. Lhuda. Sizik yamta two de, vd Li By. he 3 tORe oa a 


k ; iY a ee 
; Cun : 7 i 


‘- Vee 
ae 


mh mA 


: Cn ey \ a et ; 
bere . (gisopis Lai basis pa : valt LBs Sia a, 


6 Bbatiotie $i ¥edz 98 “dpsbas ppotta ony fe alee aka t 


otayeni, oTSW 23 set Hoe ed? oats Ais Famogee elutgeqnan=2ee Pt 
geonat dea auogpidas to patessoory od Wei apem aadso ae 


hie) cso. alata ao pilavevotg ant: ted? alts ch STORM: pm betas 
yilenois :hiozmy 708 asop: «961089 ad Sint eceban at 
ahoee atiuaeas off eebeeisouys. not $u9ngeg vastian edt vps 
»3xet AOD i ieokd — paotte, \B wae aasis any Sad) 9 


pabasoan’ 90 laa patoertb id, 989. aeuodad, “ca 
. i a; 


tae ae es abet 20 rene es 
zs 7 tans 30. nok sasose4, to febom 5) ef 
jet, | hr, pibecrt yaev sr04 hse ae re ha és 
spataien oat A> Ra seemts -aieatadalines he ; 


perception hypothesis seems to be limited, at least, by such 


effect of bias. 
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All the meanings of an ambiguous sentence, according to 
this hypothesis, are covertly considered by the hearer 
before acceptance of one. Since both the meanings have to be 
considered processing of ambiguous sentences is hypothesised 
to be more difficult and longer. This model, it seems, draws 
its logical support from the analysis-by-synthesis model of 
speech perception and production proposed by Katz and Postai 
(1964). They suggested that a hearer analyses a string of 
linguistic input by synthesising a number of self-generated 
probabie strings and analysis of the input is made by 
matching the internal strings with the input. Since a system 
which generates, at random, infinite number of strings for 
matching would be highly uneconomical, Katz and Postal also 
postulated some heuristic devices for cutting down the 
number of strings to be generated at any time. Further, this 
device seems to take cues from phonetic patterns and lexical 
associations to generate only plausible and limited number 
of strings. In case of ambiguous sentences, this means that 
the synthesising mechanism generates internal 
representations which are related to all the meanings and 
which interact with each other until the process of analysis 
is complete. Perception of ambiguous sentences is, thus, 


rendered more complicated involving interaction among the 
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meanings and also the choice of one of these. 


The exhaustive computation hypothesis does not say 
anything about the process of interaction and decision 
making which leads to perception of one meaning. Obviously, 
parameters of such processes have to be incorporated into 


any such model of ambiguous sentence processing. 


support for the exhaustive computation 
hypothesis: Some studies have shown that it takes longer to 
process sentences when they are ambiguous because accessing 
more than one meaning requires more time. MacKay (1966) had 
his “subjects complete ambiguous and unambiguous sentence 
fragments and found that completion time for ambiguous 
fragments was longer than that for unambiguous controls even 
when the subjects were unaware of any ambiguity in 
sentences. He concluded that “ambiguity interferes with the 
appreciation of a single meaning of ambiguous sentences (p.. 


434) ." 


Foss (1970) used a phoneme-monitoring task which 
requires the subjects to press a button whenever a target 
phoneme occurs in aurally presented sentences. He round that 
reaction time was longer when the sentences were ambiguous. 
Using the same task, Foss and Jenkins (1973) also found that 
even when a prior disambiguating context was provided 
reaction time was longer to target phonemes in ambiguous 
words. Prior semantic context did not significantly change 


the difference between the reaction time for ambiguous and 


“yulavoieds, eaten : ih a 


_ oral ata ie Foal et ay 5a, oda = 


eof ' | ae us ¥ 


ust aspael sete? be Soh ee ba 
eittabodos abipved: ewoddider ere ‘yee agdu | 


ad sy e 


bisa “8eT) Tetost ‘weals Som ae ake pee ieee ano 4 


i ae ‘ ops p a ft. 


 eSaotasa evoupldwsity hak showy iden Sr tduo 8335 
 adenp tiles 40% “ems, olde tquos | sett, ‘bitoy bas ee 
gave’ dé fox ta99 auomg?dusau 392 a8 a8 ¢ seenel aus 2 a 


i 


ae ‘ok ians yas 20: 


ant? hdu aodeadedae Baie ving toad, ; ebutsans wah coun 


ant ahoiastaees “sirowni sete 30) inane oper be to 


a= . we io & 
: ar \ a 7 
h - A r - a j A ‘ : i | a 
= ; 5 ; a o - ; : : ee " = 
: a a ; : Don sg tN 
> i ' i ai ’ ( - 1} ie ru ' j ; 


éotew 18 “phbtostoonensne ds ee et Sek A 


it bidder hee penn vid 


10 


unambiguous words. The authors suggested that all the 
meanings of ambiguous items are accessed and, then, stored 
in a working memory before any selection can be made. The 
extra meaning complicates the perceptual process, hence the 
longer reaction time for ambiguous words. However, some 
subsequent studies, using the same paradigm, have shown that 
when the biasing context is strong the effect of ambiguity 
on reaction time is eliminated (see Schvaneveldt, Meyer, & 


Becker, 1976). 


In another experiment, Lackner and Garrett (1972) 
presented ambiguous sentences to the ear which the subjects 
were instructed to attend and a7et ap vedere sentences 
{providing a biasing context) to the other ear. Subjects'® 
paraphrases of ambiguous sentences were Significantly 
influenced by the contextual information, although they 
could not give any information regarding the disambiguating 
sentences. — the results were interpreted as showing that all 
of the Zeantegasde ambiguous sentences are nonselectively 
accessed; the effect and relevance of ,biasing sentence 
depends on availability of these meanings. However, it is 
possible, as Schvaneveldt et al. (1976) pointed out, that 


the contextual information may have been processed prior to 


the ambiguous sentence, thus biasing its meaning. 


In a study by Conrad (1974) the semantic context of 
ambiguous sentences did not influence what meanings were 


processed. She concluded that both the meanings of the 
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ambiguous lexical items in the sentence were accessed 
regardless of the context. However, in this study, since the 
subjects were given the same ambiguous word in different 
contexts, it is possible that they processed meanings 
related to all these contexts even if they normally do not 


do so. 


Thus, she support for the exhaustive computation 
hypothesis is not conclusive. Again, the strength of the 
context seems to be important in determining if all the 
meanings are accessed and in what order. It is possible, as 
will be Wie iee ciation: that under certain conditions all 
the meanings of. ambiguous sentences are nonselectively 
accessed whereas only one is processed under certain others. 
Further, the exhaustive computation hypothesis and the 
supporting studies, as discussed so far, do not say anything 
about the process of interaction between the meanings of 
ambiguous sentences. Assuming that people, at least 
Souentty, consider all the meanings the question still 
remains how and when, if at ail, do they decide which 
meaning to accept. Do they fluctuate from one meaning to the 
other like the figure-ground fluctuation in visual 
perception of reversible figures such as Necker Cube? Or do 
they make a choice, more or less immediately, from among all 
the possible meanings? There are two variants of the 
exhaustive computation hypothesis which differ on this 
question as well as on a few others. Each of these versions 


of the exhaustive computation hypothesis will now be 
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discussed in turn. 


Process: Suggested by MacKay 
(1970), the perceptual suppression model postulates initial 
activation of ail the meanings of ambiguous sentences 
leading to an interactive subliminal process. "The basic 
assumption of the theory is that in order to perceive one 
meaning of an ambiguous sentence the other meaning must be 
suppressed and time to suppress a meaning varies with the 
salience of that meaning in the context of a _ sentence 
(MacKay, 1970, p. 86)." The model, thus, takes into account 
dearelaciye salience or bias of the meanings and also the 
effects of context on the perception of ambiguous sentences. 
Bias of any meaning of an ambiguous sentence is defined as 
the probability of that meaning being perceived. Suppression 
of a meaning pecanes increasingly difficult as its bias 
increases. A nearer: therefore, should take longer to 
process an ambiguous sentence or to perceive one of its 
meanings when the relative biases of both the meanings are 
equal. Once the meanings with certain salience are covertly 
activated interaction between them goes on with the help of 
cues from the linguistic and non-linguistic context until 
one of the meanings is boosted to the threshold and 
perceived. This process, called contextual integration by 
MacKay, takes place in two phases: preactivation phase and 
activation phase. During the preactivation phase the 
ambiguous input partially activates two simultaneous sets of 


interacting analysers the relative strengths of which are 
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determined by the bias of the meanings and the context 
Within which the sentence appears. The interaction between 
the two sets of semantic analysers is nutually inhibitory so 
that activation of one follows suppression of the other. At 
the end of such interaction incomplete and ad hoc analysis 
of the sentence, with both its meanings activated, is fed 
into the integrative level for the next phase of analysis 
ie@., the activation phase. During this phase hypotheses 
regarding the two meanings are tested on the basis of 
information received from the analyser level. The hypothesis 
testing may proceed in a series of TOTE units to find out if 
particular features of the ambiguous input 1 a Oe the 
characteristics of the context. For example, an ambiguous 
phrase like ‘walking sticks' may have two sets of 
distinctive features; the term ‘walking' could be a 
modifying adjectival term or it could be a verb. The second 
poemnatical feature renders the ana of the phrase as ‘a 
stick that is eercing? and the meaning is immediately found 
to be contextually incongruous and, therefore, dropped. The 
person then goes on to test other features like semantic 
markers and distinguishers. The strength of an analyser is 
increased as a result of confirmation of a test until, 
finally, it is boosted to the threshold and the meaning is 
perceived. Once a meaning is consciously perceived the other 
meaning may be released from inhibition and it may also be 
perceived. Thus, according to this model, perception of the 


meaning of an ambiguous sentence need not be an all-or-none 
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function; both the meanings may be perceived in turn and the 


perceiver may view them with tentative probabilities. 


On the basis of his model MacKay (1970) predicted that 
time taken to perceive the ambiguity of a sentence will not 
be affected by whether the meaning seen first is more or 
less likely, i.e. by the bias or probability of the meaning 
first noticed, because one meaning has to be suppressed 
before the other meaning is perceived. Bias of the meanings 
was determined ina pilot study by computing the percentage 
of subjects who reported seeing each of these meanings 
ernie MacKay, then, used a setting technigue to favor one 
reading of the ambiguous sentences. After presenting four 
sentences of one structure (e.g. She wondered how often 
philosophers think.) he presented an ambiguous sentence 
(e.g. Mary wondered how little Sam drove cars.) The subjects 
were asked to verbalise, as soon as possible, the meanings 
of each of the sentences. Time to perceive both the meanings 
of ambiguous sentences was not affected by which reading of 
the ambiguous sentences was induced by the set. The setting 
technique was also used for a sentence completion task. 
Completion time was longer for the ambiguous sentence 
fragments than for the unambiguous ones. Completion time was 
also longer for the subjects giving a set-unlikely 
completion response than for those giving a set-likely 
response. It appears, the subjects who saw unlikely meaning 


took longer because they had to suppress the likely meaning. 
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In another study, Olson and MacKay (1974, Expt. I) gave 
a completion task to subjects with the bias of the meanings 
of each ambiguous sentence fragment predetermined. Subjects 
indicated, at the end of the experiment, which meaning they 
had perceived first and whether they perceived the 
ambiguity. Compietion time for unnoticed ambiguous fragments 
was longer than for unambiguous controls. In the 40-50% bias 
range completion time for ambiguous sentences was longer 
than for their unambiguous counterparts. Percentage of 
noticed ambiguity was highest at the intermediate bias level 
and most of the incorrect completions also occurred at this 
level. Ina Peponbernertecnt Olson and MacKay (1974) used a 
verification task. Again, verification time at the 50% bias 


level was longer for ambiguous sentences, 


The perceptual suppression process also incorporates 
the concept of ‘plan’ or ‘determining tendency’. The notion 
of plan is central to the postulated TOTE model for testing 
rival hypotheses regarding the meaning of a sentence in the 
integrative system. A plan is “any hierarchical process in 
the organism that can control the order in which a sequence 
of operations is to be _ performed (Miller, Galanter, & 
Pribam, 1960, p. 16)." The plan may, thus, determine the 
order in which a person tests the competing hypotheses and, 
so, the meaning to be perceived first. It is possible that 
when the ‘determining tendency’ is quite strong in favor of 
one meaning the other meaning may be suppressed without much 


difficulty and the perceptual process may resemble that of 
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an unambiguous sentence. In such a case, any experimental 
task given during the processing of ambiguous sentences may 
not show any effect of ambiguity and the results may be 


interpreted as supporting the unitary perception model. 


Perceptual closure process: Reviewing the studies on 
perception of ambiguous sentences, Garrett (1970) initially 
Suggested that the two hypotheses (viz., the unitary 
perception and the exhaustive computation) are not mutually 
exclusive but refiect various stages in processing. 
Experiments showing the effect of ambiguity (i.e., 
supporting exhaustive computation hypothesis), he argued, 
used tasks initiated during the processing of the sentences 
whereas experiments showing no such effect used tasks after 
the Bropeeei tig had been completed. Bever, Garrett, and 
Hurtig (1973) developed a more elaborate perceptual closure 
model based on this earlier formulation by Garrett (1970). 
The model, first of all, accepts the distinction between the 
lexical and syntactic types of ambiguous sentences. Lexical 
ambiguity is due to the presence of words or sequence of 
words which may have two or more meanings. For instance, 


ak th 


e3wemewr—ern= 8 8 —aoaeece 


right turn is lexically ambiguous because the word 
‘right' has, at least, two meanings viz, ‘correct® and 
*direction'. A sentence is syntactically ambiguous if the 
structural relations among the lexical items can be 
organised in more than one way. Further, the structural 
ambiguity may be either at the ‘surface structure’ level or 


at the underlying ‘deep structure’ level. Surface structure 
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ambiguity invoives at least two possible groupings of the 


words. In the sentence They fed her dog biscuits, '‘dog* can 


be grouped with’ either ‘her*t or 'biscuits'. The underlying 
structure of a sentence, on the other hand, may be ambiguous 
when at least two different logical relations among the 
words or the phrases are possible. Essentially, it involves 
different subject-object-verb relationships between the 
words or phrases of the main clause of the sentence. For 
example, the sentence They are the ones to help is ambiguous 
at the underlying structure level because "they" might stand 
in the role of the subject or the object in relation to 
*help*. As such, the sentence might mean either they are the 


ones who need help or they are the ones who can help. 


Turning back to the perceptual closure model, Bever et 
al. (1973) suggested that in the normal speech perception 
process the lexical sequences in the surface structure are 
projected into an underlying structure relationship. A 
hearer is able to discern the logical subject~verb-object 
relationships utilising the cues from the surface 
construction of a sentence. The linear relationships between 
the noun phrases and the verb phrases may vary from one 
surface structure to another as in the case of active- 
passive constructions but the deep structure remains the 
same because of what has been postulated as some kind of 
projection mechanism and internal labeling process. fhe 
relative complexity of the mechanism is partly determined by 


non-availability of cues in the surface structure to signal 
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any particular underlying structure relationship and by the 
number of potential underlying structures that a surface 
structure can enter into. One of the causes of complexity of 
sentences with multiple embedded clauses is lack of explicit 
Clause markers like ‘who’, ‘when’ etc. (Fordor & Garrett, 


1967; Hakes & Cairns, 1970). 


When a sentence has a number of possible underlying 
clauses, each of then must be processed individually to 
avoid any Reenuerad nd of the working memory capacity. 
Therefore, the model assumes that the clause boundary forms 
the primary perceptual unit in processing a sentence. AS 
soon as the processing of one clause unit is over the linear 
surface form is dropped from the working memory which is 
made available for processing the next clause, if any. The 
clause which is already processed is possibly recorded into 
an abstract form and stored in the short-term memory. This 
principle of perceptual closure at the clause boundary has 
some experimental support particularly from the click- 
migration studies. In dichotic presentation of clicks and 
sentences, the clicks occurring within the clause are known 
to be perceptually relocated as occurring at points 
corresponding to the boundary between two underlying 


clauses! (e.g. Bever, 1970, 1971; Bever, Lackner, & Kirk, 


1 It must be pointed out here that click-migration studies 
have also been variously criticized for confounding effects 
of memory error and response bias (Reber & Anderson, 1970; 
Chapin, Smith, & Abrahamson, 1972) and for insensitiveness 
of the technigue (Johnson-Laird, 1974). 
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1969). Similarly, the point of switching from one ear to the 
other is more accurately located if it occurs at the clause 
boundaries than if it occurs within a clause (Wingfield 6& 


Klein, 1970). 


If ambiguous sentence perception is only a special case 
of the normal speech perception mechanism it can be assumed 
that during the analysis of a singie ambiguous clause all 
possible meanings and Structural alternatives are processed; 
perceptual closure, then, occurs at the end of such 
processing when one underiying structure is finally 
assigned. Any task initiated before such perceptual closure 
Should be, as Garrett (1970) had pointed out, more complex 
because of the added .computational load Be case of 
ambiguity. In other words, such task performance should be 
more difficult or slower or both in the ambiguity condition 
compared to the unambiguous control condition. On the other 
hand, if the task demands a response which is initiated 
after the perceptual closure of the ambiguous clause it 
should not, any more, differentiate between the ambiguous 


and the unambiguous sentences. 


In order to test the perceptual suppression model Bever 
et al. (1973, Expt. I) presented the subjects with ambiguous 
and unambiguous sentences and asked them to think up a next 
sentence in a hypothetical story. The subjects were also 
instructed to think of the response only after they had 


understood the sentence. Sentence ambiguity did not increase 
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the reaction time of the subjects. Bever et al. (1973) 
concluded, "....ambiguity does not complicate processing 
once a stimulus sentence is finished. That is, when a 
subject is encouraged to complete the interpretation of a 
sentence before thinking up a response, there is no 
interference from the tungelectea meaning (p. 280)." In the 
second experiment Bever et al. (1973, Expt. II) found that, 
with a sentence completion task, subjects took longer to 
think up a response for ambiguous fragments than for 
unambiguous control fragments when all the fragments were 
incomplete clauses. When fragments were complete clauses 
completion time was shorter for ambiguous ones although the 
difference was not significant. Bever et al. (1973) also 
reanalysed part of MacKay's (1966) sentence completion data 
separating the incomplete clause fragments from the complete 
ones. The difference between the response latencies for the 
ambiguous and the unambiguous fragments was greater in case 
of the incomplete clauses. The results were interpreted in 
terms of greater processing load in case of incomplete 
ambiguous clauses, that is, prior to the perceptual closure. 
However, one can argue that in the incomplete clause 
condition the completion task is more difficult than the 
complete clause condition because the subjects have to 
provide more structural information in the former condition. 
An earlier study by Mistler-Lachman (1972) also contradicts 
the results of experiment I of Bever et al. (1973). In her 


experiment subjects took longer to think up an appropriate 
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sentence following a visually presented sentence when such 


sentence was ambiguous. 


The perceptual closure model, thus, has not obtained a 
clear support from the available research. Further, any 
model of ambiguous sentence perception must provide for the 
possibility that both meanings may be tentatively accepted 
Or, at least, must specify the conditions of interaction 
under which one of the meanings is finally perceived. A 
distinction must also be made between the types of pre- 
closure task given in different experiments on sentence 
ambiguity. In some cases, like the phoneme monitoring task, 
the required response is not directly reiated to or 
dependent upon the comprehension process. In others, like 
the sentence completion task, the response must depend upon 
the comprehension of the sentence fragments. Results of such 
experiments are, 7 therefore, subject to different 
interpretations in terms of relationship between the task 
requirement and comprehension. Such interpretation would 
still support the exhaustive computation hypothesis but not 
necessarily its ‘perceptual closure' version. Even if one 
assumes that subjects" knowledge of response requirements 
prior to perceptual closure would somehow interfere with 
both the sentence perception process and the response 
elicitation, this formulation would have difficulty in 
accommodating the results of Carey et al. (1970a, 1970b). In 
their experiments they found that the picture verification 


time was not longer for the ambiguous sentences compared to 
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the normal control sentences when the subjects did not 
notice the ambiguity. The perceptual closure model would 
assume that the verification response is initiated after the 
process of perception of the sentence is over. However, in 
these experiments, subjects had continuous visual access to 
the picture during the auditory presentation of the 
sentence; in fact, the sentences were presented 5 seconds 
after the pictures. Obviously, it is reasonable to assume 
that the response was already initiated when the subjects 


were processing the sentence. 


The perceptual closure and the perceptual suppression 
models differ basically on two issues. One, according to the 
closure model both the meanings are computed but at the 
clause boundary only one meaning is accepted until 
disconfirmed by subsequent context. In other words, this 
model is an exhaustive computation model only up to a point; 
once the clause boundary is reached perception of the 
meaning resembles the unitary perception model. In fact, 
Clark and Clark (1977) have called this model a ‘mixed 
theory' for this reason. The perceptual suppression model, 
on the other hand, is an exhaustive computation model ail 
along, hypothesising fluctuation between the two meanings as 
long as the listener continues to attend to the ambiguous 
sentence. The second distinction between the two models is 
in terms of the parameters of ambiguous sentence processing. 
The perceptual suppression model accepts bias or strength of 


the meanings as an important determinant of the nature of 
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interaction between the meanings. The closure model, on the 
other hand, accepts grammatical structure and the type of 
ambiguous sentence as important while it does not emphasise 
the role of bias or context in processing of ambiguous 


sentences. 


AN OVERVIEW OF SOME ISSUES IN AMBIGUITY 


=a < == m= 


The Beeee eats reviewed do not seem to suggest a clear 
choice among the hypotheses outlined earlier. The result of 
the few experiments supporting the unitary perception 
hypothesis can be attributed, among other things, to their 
failure to consider the bias levels of ambiguous sentences, 
One can argue that, if bias levels were systematically 
varied in these experiments, they would have shown the 
effect of ambiguity at least in the intermediate levels of 
bias. Besides, statistical support for the unitary 
perception hypothesis depends upon an impossible task of 
proving the nuli-hypothesis because it predicts no 
difference between ambiguous and unambiguous sentences. 
Turning now to the two variants of the exhaustive 
computation hypothesis, the weakness of one group of 
experiments seens to be the strength of the other. 
Experiments on the perceptual closure model vary the types 
of ambiguity and the point at which the task is initiated 
but fail to manipulate bias, context and set variables. 
Findings of the perceptual suppression experiments, on the 


other hand, are limited for their failure to consider the 
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structural types of ambiguity. It is, therefore, surprising 
that there has been no attempt so far to integrate these two 
ghapiee rather there is a remarkable tendency to avoid the 
other model while discussing one. On the whole, it seems the 
nature of processing of ambiguous sentences can be related 
to a whole set of parameters and the interaction among then. 
These parameters can basically answer the questions ‘when do 
we perceive ambiguity’ or rather ‘when do we process all the 
meanings of an ambiguous sentencet and not ‘whether we 
compute all the meanings of an ambiguous sentence’. It may 
turn out that we compute all the meanings of an ambiguous 
input under certain conditions and go along the garden path 
under certain others. A first step in building a theory of 
ambiguous sentence perception should therefore be, 
identifying and isolating various parameters associated with 
the processing of ambiguous sentences. Tt must also be 
pointed out here that most of the experiments discussed 
earlier consider ambiguity as a unitary experimental 
variable to which the different results may be causally 
connected. However, ambiguity may not be a Singie condition 
occurring in complete isolation. Rather, ambiguity migat 
best identified as a whole set of conditions associated with 
multiple-meaning phenomenon. When ambiguity is 
experimentally manipulated what changes, is much more than 
the number of meanings of a sentence. The structure of a 
sentence, for example, may change in any attempt to vary the 


ambiguity condition. One should also guard against the 
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possibility of changing other semantic dimensions like the 
degree of concreteness and abstractness of a sentence, while 
Changing the ambiguity. The role of some of the parameters 
of processing ambiguous sentences will now be discussed in 


trying to identify the problems involved. 


The effects of bias and context, as construed here, are 
Slightly different from each other. Effect of context on 
comprehension of ambiguous sentences refers to the 
linguistic and the nonlinguistic situation within which a 
particular utterance occurs and which tends to favor some 
interpretation of the ambiguous utterance. Bias, on the 
other hand, refers to the strength of the meanings or their 
subjective probability relatively independent of any 
immediate context. For example, in a sentence like He took a 
right turn the meaning of the ambiguous term ‘right' may be 
highly biased in favor of ‘direction’ without any other 
context in the sense that most people may accept this 
interpretation. However, a prior context, say, in the form 
such probability or bias in favor of a different 
interpretation. This is only a convenient way of 
distinguishing the two concepts and should not be taken as 
an absolute distinction. In fact, it has to be remembered 
that bias is nothing but an index of the context within 


which an utterance repeatedly occurs. The effect of set is 
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considered here as part of the context and as one that 
induces a perceptual tendency toward a particular meaning of 


an ambiguous sentence. 


As pointed out earlier, bias, set and context seem to 
be quite important parameters in comprehension of ambiguous 
sentences and the perceptual closure model has’ been 
criticised for its failure to deal with these variables. The 
study by Olson and MacKay (1974) shows the importance of 
controlling for bias in experiments on ambiguity. Processing 
difficulty seems to be an inverted U-shaped function of the 
bias level of one meaning of ambiguous sentence. In the 
intermediate (50%) bias-level, i) the processing is most 
difficult and, ii) the probability of noticing the ambiguity 
is greater. The study Ryne ne (1970) varied the bias of 
the ambiguous sentences simultaneously introducing a set in 
favor of one meaning. MacKay found that completion time was 
longer for the subjects seeing the unlikely meaning than for 
those seeing the likely meaning. MacKay interpreted this 
finding as showing that when subjects perceive the unlikely 
meaning they have to suppress the more kane meaning, a 
task which demands more time. In a study by Mohanty (Note 1) 
a group of subjects paraphrased 48 ambiguous sentences and 
then, rated them on a 7-point ambiguity scale (1:Non- 
ambiguous, 7:Ambiguous). Bias of the sentences, computed as 
the percentage of subjects who paraphrased the more 
frequently seen meaning, had a high negative correlation (Lr 


=-.90, df= 46, p<.01) with the average ambiguity ratings. 
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This shows that the higher the bias of an ambiguous sentence 
the less likely it is to be perceived as such. Six ambiguous 
lexical items were also presented to the subjects in the 
same study (Mohanty, Note 1) in the context of different 
sentences to see how such context affects the perception of 
lexically ambiguous sentences. The meaning of the items 
paraphrased by the subjects consistently changed congruent 
with the sentential context in which the ambiguous items 
appeared. For example, in the sentence The salesman wanted 
lots of the same size 52.38% of the subjects interpreted 
‘lots' as ‘many’, whereas in the sentence The realtor wanted 
lots of the same size, 88.23% interpreted the same lexical 
item as ‘plots of land*. Although the study shows the effect 
of the context on interpretation of ambiguous sentences it 


says very little about its effect on the perceptual process 


itself. 


In another study by Foss and Jenkins (1973) reaction 
time for zarget phonemes was longer following ambiguous 
words in both the neutrali- and biased-context conditions. 
The results can be interpreted as showing that a pre- 
disambiguating context does not significantly change the 
processing difficulty due to ambiguity, although it might 
determine which of the meanings will be consciously 
perceived (Lackner & Gdurett, 1972). In a study by Conrad 
(1974) both the meanings of ambiguous words were shown to be 


activated even when there were sufficient contextual 


information to indicate the desired meaning. The author 
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argued that “the context which is effective in 
disambiguating lexical ambiguities in the language has its 
effect only at a relatively late stage in the cognitive 


processing involved in language comprehension (p. 130)." 


In terms of the effects of bias, the perceptuai closure 
and the perceptual suppression models lead to certain 
conflicting predictions. According to the perceptual closure 
model both the meanings of an ambiguous sentence are 
processed but only one of them is finally perceived 
immediately at the end of the ambiguous clause. On the other 
hand, the perceptual suppression modei predicts that at 
least in the intermediate range of bias both the meanings 
may be perceived and decision time for final acceptance of 
one of the meanings of ambiguous sentences depends upon the 
bias level. The stronger the bias of a meaning vis-a-vis the 
bias of the other meaning the sooner it ie likely to be 
boosted and consciously perceived. In other words, the two 
models differ in their emphasis on the role of bias levels 
of the meanings in perception of ambiguous sentences. 
According to the perceptual closure model ambiguous 
sentences are more difficult to process regardless of the 
bias levels and this difficulty no longer exists once the 
end of the clause or the simple sentence is reached and a 
decision is made in favor of one meaning which is perceived. 
According to the perceptual suppression model, the 
fluctuation between the two alternative meanings continues 


beyond the end of the clause or simple sentence and the 
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duration of such fluctuation depends upon the bias levels of 
the meanings, processing being more difficult and longer 
when the meanings are of intermediate bias level. The 
perceptual suppression model therefore predicts that 
duration and difficulty of processing are greatest for 
ambiguous sentences in the middle bias range followed by 
ambiguous sentences of high bias and unambiguous sentences. 
If unambiguous sentences are considered to be sentences with 
100% bias in favor of one meaning, one can Simply say that 
bias level of the dominant meaning is inversely related to 


processing difficulty and duration. 


Types of Ambiguity and their relative effects 


When one considers the difference among lexical, 
surface structure and deep structure types of ambiguous 
sentences experiments have not shown any consistent results. 
In Mackay'ts (1966) study completion time for ambiguous 
sentences increased from lexical to surface structure and 
underlying structure ambiguity in that order. ‘Similar 
results were obtained for ambiguity detection tasks in 
studies by MacKay and Bever (1967) and Foss (1970), and for 
picture verification tasks in the study by Foss et al. 
(1968). In Mistler-Lachman's (1972) study, time to produce a 
sentence following a given ambiguous sentence was minimum 
for lexical ambiguity and time for underlying and surface 
structure ambiguities did not differ. When the ambiguous 


sentences were given with context, the surface structure 
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ambiguity was least difficult and the lexical ambiguity did 
not siefer from the underlying structure. In all these 
studies task performance under ambiguous sentence conditions 
were more difficult than unambiguous sentence condition, 
that is, the mean reaction times were longer for ambiguous 
sentences. But in the study of Bever et al. (1973) with a 
sentence production task, mean reaction time for lexically 
ambiguous sentences were more than that for unambiguous 
controls, whereas reaction time for sentences with both the 
types of structural ambiguity were faster than their 
corresponding unambiguous controls. In other words, 
structural ambiguity facilitated the task performances, 
underlying structure ambiguity yielding a greater 
facilitation. Within the ambiguous’ sentence condition, 
however, lexical ambiguity required less time followed by 
surface structure and deep structure ambiguity. In their 
second experiment with completion tasks Bever et al. (1973) 
found that underlying structure ambiguity increased 
processing difficulty significantly in incomplete clause 
conditions. In brief, Lie results of the second experiment 
were completely different from the first experiment; there 
was no facilitation and underlying structure ambiguity 
created maximum processing difficulty followed by surface 


structure and lexical ambiguity. 


Bever et al. (1973) suggested a perceptual theory to 
resolve these inconsistent findings. According to these 


authors, when the task requirements are such that a response 
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based on perception of any meaning will do (as in case of a 
sentence production task) processing ceases when one meaning 
is consciously perceived. Since probability of perceiving 
one of the two meanings by a given time is greater than the 
probability of perceiving one meaning in isolation (see 
Bever et al. 1973, pe 280, for explanation), ambiguity will 
facilitate such task performance. Further, the degree of 
facilitation is determined by the relative independence of 
the two readings of an ambiguous sentence. Independence of 
the two meanings were tentatively defined in terms of the 
degree of dissimilarity between the two sets of perceptual 
mapping rules associated with the two meanins of ambiguity. 
In case of lexical ambiguity these rules are most similar 
{least independent) followed by surface structure and deep 
structure ambiguity, the two sets of mapping rules being the 
least similar (most independent) for the latter. Thus, it 
can be expected that in a task where any selection of 
meaning will do, facilitation with underlying structure is 
greatest followed by surface structure and lexical ambiguity 
in that order. But when the subjects have to make an active 
choice of response before the final interpretation (as in 
case of completion task) independence of both the perceptual 
mapping rules will no longer facilitate the task 
performance, rather it will pose a more difficult decision 
problem. In this case, the order of difficulty will be 
reversed for such tasks. To cut a long story. short, 


following from this formulation one can hypothesise an 
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interaction between the type of ambiguity and the task 
Characteristics. Bever et al. (1973) provide preliminary 


experimental support for this interaction effect. 


There are, however, a number of problems with the 
outlined relationship between the ambiguity type, the 
experimental task, and computational difficulty. One can 
draw a basic distinction between lexical and structural 
types of ambiguity in the sense that lexical ambiguity is 
Within the word and can occur without the context of a 
sentence, whereas structural ambiguity must necessarily 
occur within a sentence. It is therefore possible to think 
of ambiguity types as being distinct phenomena. Tfheir 
comparability can be limited to the extent that any type of 
ambiguity is likely to ee as perception of the meaning of a 
sentence one way or another and no specific claim can be 
made for any comparability regarding the manner in which 
these types of ambiguity affect such perceptual process. 
‘Further, there need not be any one-to-one relationship 
between the types of sentential ambiguity and the degree of 
independence between the two sets Bae aokais rules. Bever et 
al. (1973) suggest that within any single ambiguity type, 
the degree of independence may vary. The two should 
therefore, be kept separate and any further test of the 


proposed relationship should vary the degree of independence 
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controlling for the ambiguity type.2 An equally serious 
limitation of this proposed relationship is that the bias 
and the task variables may confound the main issue in 
perception of different types of ambiguous sentences. Some 
problems related to the nature of the task will be discussed 


later. 


, The idea of the sentence types in a transformational 
model has been accepted a priori, as a viable parameter in 
analysing perception of ambiguous sentences. Accordingly, 
processing differences are expected between deep and surface 
structure ambiguities. However, such differences are not 
always found. Prideaux, Rowe, and Baker (Note 2) repeated an 
earlier experiment by MacKay et al. (1967) but did not get 
any difference between deep and surface structural 
ambiguities in terms of error scores in an ambiguity 
detection test. Prideaux (Note 3) has argued that both the 
structural types of ambiguity are resolvable at the surface 
level the only difference being in the labels attached to 
their bracketings. Fodor, Bever, and Garrett (1974) also 
suggested possible use of perceptual heuristics from the 
surface structure in processing the underlying structure of 


the sentence. Thus, it seems somewhat defensible to argue 


2 It is interesting to note that ambiguity type isa 
linguistic classification and as such its psychological 
reality may be as much in doubt as the reality of deep 
structure and surface structure distinction. Perceptual 
dependence between the two sets of mapping rules might as 
well prove to be a more useful formulation in explaining the 
processing difficulty in case of ambiguous sentences, 
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that distinction between sentence types following the 
transformational model may not be very useful for a theory 
of ambiguous sentence perception, and some of the ambiguity 
studies showing differences among the types of sentence 
ambiguity may have to be interpreted independently of such a 


grammatical model. 


Nature of the Tasks and Psycholinguistic Processes 


—=——_ a a que aes ars a a <= 


The perceptual closure model makes the task almost a 
crucial factor in predicting the outcome of any ambiguity 
experiment. However, as has been pointed out earlier, for 
the purpose of comparing the processing difficulty for 
ambiguous and unambiguous sentences the experimental task is 
not important in its own right; it is merely an indirect way 
of estimating the relative processing load on the subjects! 
cognitive mechanism at any given time and for a given type 
of sentence. Speed and accuracy measures for a variety of 
tasks like picture verification, phoneme monitoring, 
completion, association, response to - probe words, and 
paraphrasing etc. have been used. Each of these tasks, in 
turn, can undergo variations in the time of initiation of 
the task performance, the length of presentation, and the 
time constraint on the response. All these tasks may call 
for different strategies and conflicting results may be 
attributed to the task variations rather than processing 
difficulties in ambiguous sentences. In fact, comparison of 


different tasks have yielded equivocal results. Bever et al. 
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(1973) showed that the point at which task performance is 
initiated _ a crucial factor in ambiguity experiments. 
Carey et al. (1970) and Olson et al. (1973) concluded, on 
the other hand, that different tasks still yield comparable 
results. More recently, Cairns and Kamerman (1975) concluded 
that “the phoneme monitor task and the sentence completion 
task may not be used to test the same independent variable 
(p. 176). In other words, different experimental tasks do 
not necessarily tap the same psycholinguistic process. Task 
variables may also be related to different depths of 
processing (Mistler-Lachman, 1972, 1975). Some tasks may 
induce a deeper comprehension in the subject than some 
others. Mistler-Lachman (1972) gave three language 
information processing tasks to measure levels of 
comprehension of ambiguous and unambiguous sentences. She 
concluded, “comprehension is apparently not a unitary 
process, but occurs at different depths or levels depending 
upon task demands (p. 614). Carroll (1972) reviewed the 
methods and tasks employed to test comprehension and he 
suggested that the tasks vary to the extent that they do not 
yield comparable data in all cases. He suggested two 
criteria for a valid and reliable test of comprehension: i) 
the task should reflect pure comprehension and not any other 
skill like memory, guessing etc.; and ii) the task should 
yield consistent data on equivalent trials. Many of the 
tasks like completion, deliberate perception of ambiguity 


used in ambiguity experiments are not quite valid measures 
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of comprehension (Carroll, 1972). One may add to Carroll's 
comments that in the process of comprehension the listener 
is in fact trying to perceive the meaning of a sentence and 
not to perform an external task. Any task is an experimental 
tool designed to draw inference about the nature of 
processing and, by its very nature, the task limits the 
external validity of the conclusion arrived at. Ideally, 
therefore, one should be able to compare the effects of 
ambiguity types on processing difficulty in a situation 
closely resembling the normal speech comprehension. Task 
variables should not be allowed to piay an important role 
unless it can be shown that the tasks reflect different 
conditions under which we normally hear and understand 
sentences as day-to-day speech units. Therefore, it seems 
essential that one should be able to infer processing 
difficulty from a measure which is independent of the 
processing load on the recipient of the language input and 
ditch does not interact with nor influence in any way the 
processing itself. A previous review of the topic (Mohanty, 
Note 1) has suggested that autonomic psychophysiological 
responses like Heart Rate (HR) and Galvanic Skin Response 


(GSR) seem quite suitable candidates for such measures. 


easure of information processing. 


Heart Rate as a 
Psychophysiological measures of autonomic responses have 
recently been extensively used to infer processing load and 


difficulty levels in perceptual and cognitive tasks. Crucial 
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to such task performances are central processes like 
attention and arousal which have been shown to be closely 
related to autonomic functions. John and Beatrice Lacey and 
their co-workers (Lacey, 1959, 1967; Lacey, Kagan, Lacey, & 
Moss, 1963; Lacey & Lacey, 1970) have suggested that tasks 
which require the organism to attend to the external 
environment elicit decelerative heart rate, whereas tasks 
involving mental activity (‘rejection of the environment’) 
or attention to cognitive/perceptual information processing 
result in heart rate acceleration. Lacey's hypothesis has 
been supported in a number of subsequent experiments using a 
variety of cognitive and perceptual tasks. Lewis and Wilson 
(1970) showed that cardiac deceleration accompanied 
performance of a figure matching task during which subjects 
were engaged in scanning a picture. McCanne and Sandman 
(1974) showed that HR fluctuation was related to the nature 
of attention in a tachistoscopic perceptual task. Tursky, 
Schwartz and Crider (1970) demonstrated HR deceleration 
during the information-intake phase of a digit- 
transformation task and acceleration during the cognitive 
processing phase. The difficulty level of the task was 
positively related to the magnitude of HR fluctuation in 
either direction. In their study 15 subjects were tested in 
a time-locked digit-transformation task at two leveis of 
difficulty. In the teasy' condition subjects were asked to 
add zero to ae series of four digits and in the difficult 


condition they were asked to add either three or four. The 
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results showed cardiac acceleration during cognitive 
processing. The magnitude of acceleration was also greater 
in the difficult task condition. Libby, Lacey, and Lacey 
(1973) showed greater deceleration of HR while Subjects were 
attending to picture slides that were rated *interesting, 
attention getting, unusual and arousing.* In Dahli and 
Spence's (1971) study mean HRS were recorded during 
sequences of perceptual-motor and cognitive tasks rated for 
task demand eharhotertstits such as complexity, frequency, 
stimulus-transformation etc.. The correlation between mean 
HRs and task demand ratings were at least .91. Coles (1974) 
found that cardiac deceleration was related to the level of 
task difficulty in an osciloscopic detection task, 
consistent with the Laceys! intake-rejection hypothesis. In 
the study by Tursky et al. (1970), cardiac deceleration also 
occurred in the post-solution period following acceleration 
during information processing in the digit transformation 
task. In another study by Das and Bower (1973) subjects were 
tested in a probability learning task at two levels of 
uncertainty. Following 10 learning triais to buiid up an 
expectation, subjects were asked to anticipate which of the 
two events (x or y) would follow a cue word (Man). 
Probabilities of the two events were 0.90:0.10 in less 
uncertain condition and 0.70:0.30 in more uncertain 
conditions. Subjects HR accelerated during anticipation 
period and decelerated during feedback that followed 5 


seconds after subjects’ guessing. The degree of HR change 
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was greater in the more uncertain task condition. The 
results are consistent with Laceyts hypothesis. A greater 
acceleration of HR in the 0.70:0.30 condition shows a 
greater cognitive effort in the anticipation period. In the 
more uncertain task condition there was also a greater 
attention to the outcome resulting in an increase in cardiac 
deceleration. An instrumental relationship between cardiac 
fluctuation and "the organism's receptivity to abberant 
stimulation and the organism's readiness to make effective 
responses to such stimulation (Lacey, 1972, p. 183)", has 
been shown to lack adequate support (Elliott, 1972, 1974; 
Hahn, 1973).. But the proposed relationship of HR 
deceleration and acceleration with the level of the task 
complexity, attentional demands, and nature of the cognitive 
activities has been replicated in a number of studies (see 
Graham & Jackson, 1970; Gunn, Wolt, Block & Person, 1972; 
Hahn, 1973). HR has also been related with reaction time and 
other psychophysiologicai measures like skin conductance, 
respiration (Obrist, 1963), EMG (Obrist, Webb & Sutterer, 
1969; Webb 5 Obrist, 1970). Besides Lacey's afferent 
feedback model, at least two other models have been proposed 
to explain the relationship between attention in different 
cognitive tasks and HR fluctuation. They are - the cardiac - 
somatic model of Obrist and Webb (1967, Obrist, Webb, 
Sutterer, & Howard, 1970) and the arousai model of Sokolov 
(1960, 1963). Discussion of these models is beyond the scope 


of the present review. However, it can be pointed out that 
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all these models accept the phenomena of HR deceleration and 
acceleration as associated with cognitive activities, but 
they disagree as to the function of such association and how 


it is mediated. 


On the basis of the preceding review of the use of HR 
change measures it seems reasonable to conclude that these 
measures are sensitive enough to tap the difference between 
processing of ambiguous and unambiguous sentences. If, in 
fact, there is a greater processing load with ambiguity of 
sentences it should show up in terms of greater change of HR 
following the presentation of such sentences. 
Psychophysiological measures like HR and GSR have been used 
quite extensively in studies of cognitive processing. But 
their use is relatively new in the fields of verbal 
information processing and psycholinguistics. However, there 
have been sone ‘recent attempts . to use other 
psychophys iological measures like EMG, EEG, Eye Movement, 
and Pupillary Reaction in studies of meaning (Osgood & 
McGuigan, 1973), imagery in verbal processing (Paivio, 
1973), covert language behavior (McGuigan, 1973) and other 
language related processes. In a very recent study, Shangi 
(Note 4) used HR measures to test the levels of processing 
model of Craik and Lockhart (1972). In this study different 
depths of processing were induced by giving the subjects, 
prior to presentation of stimulus words, orienting questions 
about their type script (physical level), sound 


characteristics (phonemic level), and meaning (semantic 
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level). — Subjects?® HR was monitored throughout the 
experiment. Second-by-second HR changes and HR acceleration 


scores differentiated the three levels of processing. 


Stennett (1966) outlined two criteria for a good 
peripheral indicator of arousal in information processing 
and attentional tasks. They are i) the change in peripheral 
measure related to change in the state of the organism 
Should be detectable, ii) degree of change in the organisa 
should be related to the degree of change in the peripheral 
measure. HR ‘measures seem to satisfy these conditions. 
However, at this “stage their use in psycholinguistic 
research is yet to be demonstrated and this study may be 


considered an exploratory step in that direction. 


In conclusion, the preceding review indicates that the 
current state of psycholinguistic accounts of ambiguous 
sentence perception leaves a lot to be desired. The main 
debate between the unitary perception and the exhaustive 
computation hypotheses has been whether ambiguity makes the 
perception of sentededs more complex. The’ studies reviewed 
have generally tried to compare some task performance under 
conditions of ambiguous and unambiguous sentence processing. 
The common assumption has been that if processing of a 
sentence is more complex any simultaneous task performance 
(usually involving reaction time measures in some form) 
would be less efficient. As discussed earlier, this 


methodology not only creates a problem of validity, it also 
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complicates the main issue by raising questions about the 
task artifact, interaction of the task with processing of 
sentences, point of onset of the task performance and so on. 
Obviously, the issue is not under what kind of tasks but 
under what conditions is the processing of ambiguous 
sentences more complicated. Although by no means exhaustive, 
two sets of factors were discussed as possible parameters of 
processing ambiguous sentences -- the bias, context, and set 
factors affecting the subjective probability or strength of 
the meanings and the Linguistic type of ambiguous sentences 
as a factor related to the perceptual process in sentence 
comprehension. The major differences and similarities among 
the three models of ambiguous sentence perception are 
summarised in Appendix C. A  psycholinguistic account of 
ambiguous sentence perception, it seems, should involve more 
than a choice among these models because it is possible that 
under some conditions of bias and sentence type ambiguous 
sentences are perceived unitarily where as under certain 
others both meanings are computed. Finally, it was argued 
that use of _psychophysiologicai measures like HR changes 
Should provide a methodological improvement because these 
seem to be adequate to indicate differences in the degree of 
perceptual complexity without actually interfering with the 
perceptual process itself. The purpose of the present 
investigation, therefore, is to test, by using measures of 
heart rate change as indices of processing difficulty, the 


unitary perception and the exhaustive computation hypotheses 
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under different conditions of bias (Experiment 1) and 
sentence type (Experiment 2). Some predictions of the 
perceptual suppression and the perceptual closure models 


were also tested. 


ua 
von a Lal Re 


CHAPTER If 
EXPERIMENT 1 


Rationale and hypotheses 


Comparison of ambiguous and unambiguous sentences, it 
seems, cannot yieid a clear choice among the alternative 
models of ambiguous’ sentence perception without due 
consideration of the effect of context or the set of factors 
that tend to make any ambiguous sentence biased toward one 
of the meanings. As discussed earlier, when an ambiguous 
sentence is highly biased in favor of one meaning, its 
perception perhaps euaseis resembles that of any unambiguous 
sentence. On the other hand, when there is relatively equal 
bias for both the meanings the peeeeperan of the sentence, 
more likely, follows an exhaustive computation process; both 
the meanings are considered prior to a choice among them. 
Although there are some studies to indirectly support this 
prediction it has, so far, not been put toss direct test. In 
the present experiment bias of the lexicaily ambiguous 
sentences was varied to test this prediction. Bias of an 
ambiguous sentence was defined as the percentage of native 
users of language likely to report perceiving its more 
frequently perceived meaning. In other words, if 55% of the 
native users of [iauage report seeing meaning A of a 
sentence X and the remaining 45% report seeing its meaning B 
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then the bias of the sentence is indicated by the greater of 
the two percentage scores, i.e., 55% in this case. Thus a 
sentence with two potential meanings can theoretically have 


a minimum bias of 50% and a maximum of 100%. 


When comparing the comprehension difficuity of 
ambiguous and unambiguous sentences, studies have generally 
used reaction time and accuracy measures in various task 
performances. It was pointed out earlier that such tasks may 
not be quite suitable particularly in case of trying to 
determine the effects of ambiguity on processing of 
sentences. Psychophysiological measures like heart rate 
acceleration and deceleration were suggested as suitable for 
this purpose. These measures appear to be quite reliable 
indicators of cognitive activity and, further, unlike other 
task performance measures, they do not, in any WAY, 
interfere with the cognitive activity itself. Acceleration 
of heart rate following the presentation of a stimulus has 
been known to be related to cognitive information 
processing. The degree of such acceleration is also related 
to the degree of difficuity of the pafoceation processed. 
The heart rate deceleration following the initial 
acceleration seems to have a similar relationship with the 
nature of cognitive activity. As discussed earlier, cardiac 
deceleration follows acceleration in problem solution tasks 
(e.g. Tursky et. al 1970) and in tasks involving uncertainty 
(e.g. Das & Bower, 1973). It was pointed out that such 


deceleration is a result of subjects' attention to or 
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preparation for external events like feedback. When subjects 
are required to perform a task following the stimulus, 
cardiac deceleration is also observed as a preparatory 
response (Coles & Duncan-Johnson, 1975). In the fore-period 
Of£fSa reaction time task, for example, greater deceleration 
of HR is noticed as the task becomes more demanding (Coles, 
1974). In this study, HR acceleration and deceleration were, 
therefore, used as indices of the processing difficulty of 


ambiguous and unambiguous sentences. 


If, as pointed out earlier, only one meaning of 
ambiguous sentences in high-bias condition is processed the 
degree of HR acceleration and deceleration should not differ 
Significantly from those in unambiguous sentence condition. 
However, in low-bias sanaetion the degree of HR acceleration 
and deceleration should be greater for ambiguous sentences 


than for unambiguous ones. The following were, therefore, 


hypothesized: 
Hypothesis 1.1: HR acceleration following the 
presentation of ambiguous sentences is 
Significantly. greater than that following 


unambiguous sentences when the ambiguous sentences 
are of the low-bias condition, but when they are 
of the high-bias condition the difference is not 
Significant. 


Hypothesis 1.2: HR deceleration following the 
presentation of ambiguous sentences is 
Significantly greater than that following 
unambiguous sentences when the ambiguous sentences 
are of the low-bias condition, but when they are 
of the high-bias condition the difference is not 
significant. 


Briefly, then, significant Ambiguity X Bias interaction 
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effects were hypothesised in regard to the HR acceleration 
and deceleration measures. Such interaction would support a 
dual-process model -- unitary perception for the high-bias 
ambiguous sentences and exhaustive computation for the low- 


bias ones. 


Assuming that such is the case, there is still no way 
of deciding whether the exhaustive computation, whenever it 
OcCUrS, follows the perceptual closure model or the 
perceptual suppression model. A probe-word-technique was 
used to obtain more information about the nature of the 
perceptual process and to possibly test some predictions of 
the perceptual closure and the perceptual suppression 
models. The technique involves presenting probe words 
following the eer ences, ana asking the subjects to decide if 
the word is related to the meaning of the sentence and to 
make a choice repsonse. Reaction time to different types of 
probe words is measured and compared. Shanon's (1974) method 
of sosane probe words with different levels of relevance to 
the meaning(s) of the sentences was followed except that a 
longer intervai (21 seconds) between the eenrence offset and 
the probe word was given to make sure that the task does not 
interfere with at least an initial processing of the 
sentence. Further, an additional probe word category was 
used giving words related to both the meanings of ambiguous 


sentences. 


When people are asked to judge if a probe word is 
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related to the meaning of a sentence, congruent with the 
three models of ambiguous sentences there are three possible 
Ways in which such judgement can be made: 

A) According to the unitary perception model, people may 
process an ambiguous sentence just as they would have 
processed an unambiguous one. Only one meaning is processed, 
retained and then compared with the probe word that follows 
the sentence. The interpretation that is perceived and 
retained is usually the one toward which the sentence is 
biased. However, if the probe word is not related to the 
more probable meaning but related to the less probable 
meaning instead, it provides a new contextual information 
which disconfirms the perceived interpretation. In such a 
case, the sentence has to be reprocessed. For exampie when 
the following sentence 

(1) The pitcher is full. 

is followed by a probe word baseball, a new context is 
provided which changes the initial bias of the sentence and 
which, according to the unitary perception model, triggers a 
reprocessing of the sentence. Further, since the probe word 
basebail provides its own context, the initial bias of the 
sentence is no longer important; the sentence is reprocessed 
regardless of its initial bias. The time required to 
reprocess the sentence and then to respond to the probe word 
therefore does not depend on the initial bias of the 
sentence. In other words, RT to probe words related to the 


non-dominant meaning of ambiguous sentences should be longer 
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than the RT to unambiguous sentences with the same response 
(yes/no) category but independent of the bias level of the 
sentences. For all other types of probe words the RTs for 
ambiguous and unambiguous sentences should be the same for 
Similar ieeeuntS) response category regardless of the bias 
condition. Thus, if the unitary perception model is valid, 
there should be -- 
Lye ie epcéct of bias on RT to probe words, 
ii) no difference between RTs to ambiguous and 
unambiguous sentences of similar response type 
(yes/no) except for the RT to probe words related 
to the non-dominant meaning of the ambiguous 
sentences which should be greater than the RT for 
the probe words related to the meaning of 
unambiguous sentences. 
B) The second possible stragegy follows the perceptual 
‘closure model. This model would suggest that regardless of 
their bias level, both the meanings of ambiguous sentences 
are considered before acceptance of one meaning, which is 
then retained and compared with the probe word. When a probe 
word is related to the meaning which is less likely, and 
perhaps discarded for that reason, a context in favor of 
that meaning is rsuraeds However, uniike the unitary 
perception model, since both meanings have already been 
computed, no extra processing time should be involved in 
comparing the probe word with the context related meaning of 
the ambiguous sentence. In the case of the probe word 
baseball to the sentence (1), the perceptual closure model 


would suggest that both meanings of ambiguous lexical item 


pitcher have been computed regardless of the context or bias 
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of the sentence; the sentence, therefore, does not have to 
be reprocessed any more. On the other hand, when the probe 
word is unrelated to either of the meanings of ambiguous 
sentences comparison has to be made with both the perceived 
interpretations before a ‘no’ response is given. The RT to 
unrelated probe words, therefore, should be greater for the 
ambiguous sentences than for the unambiguous ones whereas 
the RT to related probe words should not be affected by 
sentence ambiguity. In other words, if the perceptual 
closure model is valid, there should be -- 
1) no effect of bias on the RT to probe words, 
1i) no difference between the RT +t0 ambiguous and 
unambiguous sentences when the probe words are 


related (to the dominant meaning or to both the 
meanings, in case of ambiguous sentences), 


and further, 


iii) the RT to unrelated peabe words should be greater 
for the. ambiguous sentences than for the 
unambiguous ones 

C) Finally, according to the perceptual suppression model, 
both the meanings of ambiguous sentences are computed and 
people continue to fiuctuate from one meaning to the other. 
In an experimental situation this fluctuation continues 
until, at least, a task performance. The probe words are 
compared first with the dominant or the more probable 
meaning and the processing ceases if such comparison yields 
a positive match. However, if the first meaning does not 


match the probe word. another comparison is made with the 


other meaning which is already computed but suppressed by 
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the dominant meaning. For this comparison the dominant 
meaning has now to be suppressed so that the other meaning 
can be consciously perceived and compared with the probe 
word. This process of suppression should be easier in the 
Llow-bias condition, i.e., when the meanings have relatively 
equal probability, and more difficult in the high bias 
condition in which the dominant meaning is much stronger. In 
other words, given a probe word following an ambiguous 
sentence, we first compare the probe word with the more 
likely meaning of the ambiguous sentence and if the 
comparison is negative we compare it with the other (less 
likely) meaning. But in peace to do so, according to the 
perceptual suppression model, we must suppress the more 
likely meaning. If the meaning first compared has a bias of, 
say, 50-60% its suppression is easier than if it has a bias 
of 80-90%. Thus, the RT to unrelated probe words should be 
greater for the high-bias ambiguous sentences than that for 
the low-bias ambiguous sentences which, in turn, Should be 
greater than the unambiguous ones. Similarly, when tne probe 
words are related to the less probable meaning of the 
ambiguous sentences the RT should be greater in the high- 
bias condition than in the low-bias condition. In other 
words, if the perceptual suppression model is true then, 

i) the RT to the unrelated probe words should be 
longest for the high bias ambiguous sentences 
followed by the low-bias ambiguous sentences and 
the unambiguous sentences, in that order, 

ii) the RT to the probe words related to the less 


dominant meaning of ambiguous sentences should be 
greater in the high-bias condition than the low- 
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bias condition, 

iii) there should be no difference among the RTs_ to 
probe words related to the meaning of unambiguous 
sentences, and to the dominant meaning or to both 
meanings of ambiguous sentences. 

The three modeis of ambiguous sentence processing, 
thus, lead to different sets of predictions with regard to 
the RTs to the probe words of various types. According to 
the unitary perception and the perceptual closure models, 
bias level of the ambiguous sentences should have no effect 
on the RT to probe words. According to the perceptual 
suppression model, on the other hand, bias of the ambiguous 
sentences is a Significant variable for the RT when the 
probe words are either unrelated or related only to the less 
probable meaning of ambiguous sentences. Further, according 
to the unitary perception model, the RT to the probe words 
related to the less dominant meaning of ambiguous sentences 
of any bias level should be greater than the RT to the probe 
words related to the unambiguous sentences, whereas, 
according to the perceptual closure model, the RT in the 
ambiguous sentence condition Should be greater than the 
unambiguous sentence condition only when the probe words are 
WATE oa oH the meaning(s) of the sentences. The probe-word 
technique was thus used in the present experiment to test 


the predicticns of the three models as discussed earlier.) 
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A) Selection of Sentences -- a pilot study 


Sis nigu= ‘and six low-bias lexically ambiguous 
sentences and their respective pair of control sentences 
were used in this experiment, The sentences were taken from 
a previous study (Mohanty, Note 1). One of the purposes of 
this study was to select the list of sentences for 
Experiment 1 and another list of 18 low-bias ambiguous 
sentences -- six each from the lexical, deep structure and 
surface structure types -- and their respective pair of 
controls for Experiment 2. The study for selection of 
sentences was conducted in two phases. In phase 1 bias 
ratings were obtained for a number of ambiguous sentences 
and in phase 2 ambiguous sentences selected from phase 1 and 
their control sentences were rated and matched on Semantic 


Differential (SD) scales. 


sentences of the three linguistic types was prepared. Most 
of the sentences were used in previous studies on sentence 
‘ambiguity. In some cases the original sentences had to be 
slightly modified to conform to a standard length of seven 
to nine words. The list was given to two independent judges 
to select lexical, surface structure and deep structure 


types of ambiguous sentences more likely to be of the low- 
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bias (50-70%) range and lexically ambiguous sentences of the 
high-bias (more than 80%) range. The judges were also asked 
to discard sentences of doubtful grammaticality, sentences 
with more than two meanings (multiply ambiguous), clumsy 
sentences > ones highly unlikely to appear in a normal 
conversation and also sentences likely to have extreme 
scores on Semantic Differential (SD) scales. On the basis of 
complete inter-judge agreement 48 ambiguous sentences -- 25 
lexical, 12 surface structure, and 11 deep structure types 
-- were selected. These sentences and 24 unambiguous ones 
were divided into four randomised lists with 12 ambiguous 
and six unambiguous sentences in each. The unambiguous 
sentences were, in fact, controls for 24 of the ambiguous 
sentences prepared by changing only the ambiguous terms. 
Sentences from the ambiguous-control pairs appeared in 
separate lists. The four lists were then given in a Sentence 
Interpretation and Ambiguity Rating Questionnaire (Appendix 
A) to a sample of 163 undergraduate students of the 
University of Alberta. Each student got one of the four 
lists at randon. There were 42 responses for Lists 1 and 2 
each, 40 for List 3 and 39 for List 4. In part I of the 
Hee the students were asked to paraphrase the 
meaning of the sentences and in part II they were asked to 
indicate whether or not the sentences were ambiguous and if 
so, tO paraphrase the other meaning of the sentences. They 
were also asked to rate the sentences on a 7-point scale of 


ambiguity (1 : unambiguous - 7 : ambiguous). The subjects 
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took roughly. one hour each to respond to the questionnaire. 
The meaning paraphrased first (in part I) were scored as 
indicating one ce the two meanings of the ambiguous 
sentences. Responses which failed to indicate a meaning 
clearly were discarded. Bias of the ambiguous sentences was 
computed as the percentage of responses indicating the 
meaning paraphrased by the majority. For example, if 30 out 
of 40 acceptable paraphrases indicated meaning A of an 
ambiguous sentence the rest indicating its meaning B, then 
the bias of the sentence was taken to be 75%. The lexical, 
surface structure, and deep structure types of ambiguous 
sentences with bias scores between 50-70% and only lexicaily 
ambiguous sentences with bias scores above 80% were selected 
as low and high bias sentences respectively and were used in 
the next phase of the study. In total 31 low-bias ambiguous 
sentences -- 14 lexical, 8 surface structure, and 9 deep 
structure types -- and 8 high bias lexically ambiguous 
sentences were taken for rating on SD scales. 

Rating on Semantic Differential scales. For each of the 39 
ambiguous sentences a pair of unambiguous control sentences 
was prepared by making minimum change in the ambiguous part 
of the senrenecss Each of the two control sentences 
represented one reading of the ‘corresponding ambiguous 
sentence. For example, the controls for The driver took a 
right turn at the intersection were -- The driver took a 


correct turn at the intersection and The driver took a left 


urh at the intersection. The length of the control 


ee re ee a ee eee eee 


‘ee a0 : 
2 ~ ey: ae or 
a, barog2: oxeW oe ies 


. , 4 ine 


j 


a ane upidas add a 
-paiasen's efsaibat ot bed tes * 


2hw esorestives sroupidas SA2 ae 


eat patteoibal aseaiocasy to” oonanpoe Been snd 


F I tay a hi I < 
#470 de RR au qasie t0% YP S200 Sm odd ed Becinain em ‘1BoR 

, Sake 
as 0 A HPL NSS, bewnot bunt: 2e283 pre aids sqgoo8 on b 


aod? '5  DaLRbAw BIS Pasrealhar tapas paneiasd. we rus 


i oF . is 


,_levixzel ont . 221-90 oF OME + 258 souredaae reas ‘to epid 
| cs 
, boas 
euespides to agus anu? pops te) 998° bas eres ete 838. 
‘ ; : ca oe a a 
P ROT=O8C aeowe ee ‘onaes nail 
yilsoixel yico fas ab) =0¢ . aesvced agz5a aad yi. 2 92 
; | <M 7 - 
idtnolea Sree ROR Svoks” aazsos) sete at ew vee factase sony" tas oe a 


i i ‘= 
nat Seen, orev bas tlepitosga ss aqonetmoe ere Apha bas wot en th aes, 


Erie é - ae 
| anouphdes ssid-wol- Ft ‘into+ a ‘Yhuse: Sat 2 sasiy tron 61 
gosh © So58 ‘sanaiuiias sost sea: § ~laotsel ¥f ig on 
auch we of denhwat gistd dpid 8. bats --) aagyd “9 
: ~e5isse a2 co partea- 20% MAES oxey pense 
ee ai? Jo, dde9 20% seg leoe hie ian eaten ered G9Bf 
2£eDm9 7182 ba +109 adbooytdmany io’ Sead 5 ee Jone Sage ‘gue adh fs 
| $769 > auoupidvin gn? ak apn add siwiioin pinkstbn tt Doe. 
“ “Beoneiitee Loxtaos ont air to ane s2epaetasz he 
a 
at  eubsomdas: paibaogderz0p. eas fo pathssa 20. : 


Me 


— salad ‘adr 208 jpddayao3. eht> ‘eptaaem: 208 


Pe 4 ba Be ag aby A 


_ 
= 
a 
aS 
a 


dezta02 ade a 


a \ peer 3.6 Mit 


na i a i i ap 
as : 


56 


sentences were also limited to 7-9 words. The ambiguous and 
the control sentences were divided into four lists with 29 
sentences each in three lists and 30 in the fourth. The 
Banaaueie and the corresponding control sentences were put 
into separate lasts: For every sentence two appropriate 
scales from each of Osgood's (Osgood, Suci, & Tannenbaum 
1957) three dimensions of meaning (viz. Evaluation e.g. 
pleasant-unpleasant, Potency e.g. strong-weak, and Activity 
e.g. active-inactive) were selected along with two other 
scales for abstractness (concrete-abstract) and specificity 
(general-specific)._ All of the eight scales for each 
sentence were given in randomised order. The same scales 
were used for the ambiguous and corresponding control 
sentences. The subjects were given standard instruction to 
rate the meaning of the sentences on each of the 7-point 
scales. Subjects were 140 undergraduate students (other than 
the ones used in phase 1) -- 35 for each of the four lists. 
They took approximately one hour each to complete the rating 
scales. Average ratings on the eight scales for the 
ambiguous and their control sentences were computed. The 
sentences finally selected for the two experiments were 
within an een Ge rating score of 0+1.5 for each of the 
eight scales. In other words, the sentences were very close 
to the neutral points in respect to these scales. Further, 
the maximum difference in rating scores on each scale within 
a set of ambiguous and control sentences was not more than 


0.5, a difference, which according to Osgood, May, and Miron 
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(1975) is not significant. On this basis the ambiguous and 
control sentences were assumed to be matched with respect to 


these indicators of meaning. 


To sum up, the sentences selected for the experiments 1 
and 2 meet the following criteria: 
i) length of 8 + 1 words, 


1i) neutrality in regard to the EF, P, and A dimensions 
(average rating: 0 + 1.5), 


iii) neutrality in regard to generality and 
abstractness (average rating: 0 + 1.5). 
Further, the ambiguous sentences were 
iv) within a specified range of bias (low-bias: 50-70% 
and high-bias: more than 80%) 
and v) matched with their respective control sentences 
for sentence structure, length, and average 


ratings on eight different scales. 


B) Selection of Probe Words 


Six types of probe words3 were used in the experiment, 
viz. the ones 1) related to the meaning of the unambiguous 


sentences (Y:un) (e.g. Sylvia dropped a playing card gn the 


<a até: 


table. -- GAME), 2) not related to the meaning of the 
unambiguous sentences (N:un) (e.g. Sylvia dropped a playing 
card on the table. -- BOY), 3) related to both the meanings 


of the ambiguous sentences (Y:b) (e.g. of the fans 


{O 


N), 4) related 


disturbed the chess players. -- CONCENTRATI 


only to the dominant meaning of the ambiguous sentences 


3 See Appendix B for a list of all the probe words used. 
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(Y:d) (e.g. Sylvia dropped a spade on the tabl 
5) related only to the non-dominant meaning of the ambiguous 
sentences (Y:n-d) (e.g. The lawyer insisted that the charge 


Was unjust. -- COSTLY), and 6) not related to either meaning 


of the ambiguous sentences (Nzam) (¢€.g. The chairman of the 


department has two appointments. -- MOUNTAIN). Within each 
bias level the number of probe words for ambiguous sentences 
were balanced between related - unrelated types, i.e., three 
of the six ambiguous sentences in each bias level were 
followed by unrelated probe words and the rest by related 
probe words (cone from each type, viz., Y¥:b, Y:d, Ys:n-d). The 
probe onde for the ambiguous sentences were also used for 
one of the corresponding pair of controls. The related- 
unrelated probe words (i.¢€., the yes-no response types) were 
also balanced, within each list, for ambiguous sentences of 
different bias levels and for unambiguous sentences to 
prevent any possible response bias. Within the lists, the 
three types of related probe words to ambiguous sentences, 
however, were not balanced. All the probe words were 
selected in consultation with three fellow graduate students 


who agreed on the relationship of the probe words to the 


sentences. 


The ambiguous sentences were divided into three lists 
-- each with a cluster of two high-bias and two low-bias 


sentences. The two unambiguous (control) sentences were 
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randomly assigned to two lists other than the one containing 
the same ambiguous sentence. For example, the following set 
of sentences - 
(2) The driver took a right turn at the intersection. 
(Ambiguous - High-bias). 
(3) The driver took a correct turn at the intersection. 
(Control 1). 
(4) The driver took a left turn at the intersection. 
cControl 2). 
were put into separate fists) (lists 2,4 lamnd 3, 
respectively, in this case). Thus, the sentences were so 
arranged that within each bias condition, a list of 
sentences had a cluster of two ambiguous sentences, a 
cluster of two unambiguous qcontrol) sentences corresponding 
to the ambiguous sentences in the second list, and another 
cluster of two (unambiguous) controls corresponding to the 
ambiguous sentences in the third list. In fact, the clusters 


of two sentences each were arranged in Latin square design 


presented in Table A 


= 


Winer's Plan 12 repeated-measures Latin square design 
(Winer, 1971, p. 745) was followed- with the bias (B), 
ambiguity (A), and sentence-cluster (C) factors repeated and 


the subjects (P) nested within the lists/groups.* A 


+ It must be pointed out here that the clusters are 
actually the means of two sentence-scores. Since the 
reliability of the means is greater than the reliability of 
the raw-scores the design has some advantage. On the other 
hand, there is also a loss of the power of statistical tests 
due to a decrease in the degrees of freedom with the use of 
mean scores instead of raw-scores. In this design 
reliability of the measures was preferred to a greater power 
of the statistical tests. 
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limitation of this design, as of any fractional replication 
of factorial design, is that full information on some of the 
interaction effects cannot be obtained. In this case, only 
partial information was available on Ambiguity (A) x 
Sentence-cluster (C), and Ambiguity (A) x Sentence-cluster 
(Cc) x Bias (B) interactions. These interactions were 
considered relatively inconsequential for testing the main 
hypotheses of the experiment. Full information, however, was 
obtained on Ambiguity x Bias, Bias x Group, and Bias x 
Cluster interaction effects. Since the experiments on 
language and verbal behavior have been criticized (see 
Clark, 1973) for the confounding effects of the specific 
sample of sentences, words or any linguistic unit used in 
the experiments, one advantage of this design is that it 
allows separating the variance due to the sentence-clusters 
as a main Gactor (i.e., the variance of the means for 
Petes wi oe ane .3 ele co ec3 in the design tablesye 
Tests of the ambiguity and bias main effects could, 
therefore, be made relatively independent of such effect. 
Further, in ehis Aecicnawesch group of subjects received a 
randomised list of sentences consisting of two high-bias, 
two low-bias ambiguous sentences, and eight unambiguous 
control sentences. Only a third of the sentences given to 
the subjects was ambiguous compared to at least a half in 
other studies, thus, reducing considerably the possible 


effects of stimulus bias. 


An experimental session consisted of 12 trials - one 
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for each Stimulus sentence in the list to which the subjects 
were randomly assigned. Each sentence was visually presented 
through a slide projector for five seconds, followed by an 
interval of 15 seconds. At the end of this interval a tone 
was given Gareone second as a warning signal for the probe 
sree Five seconds after the offset of the warning signal 
the probe word corresponding to the stimulus sentence was 
exposed for four:seconds. The subjects were given prior 
instruction to indicate by pressing one of the two buttons 
whether or not the word is related to the meaning of the 
sentence. The subjects’ responses were recorded only if they 
occurred within four seconds of the onset of the probe 


words. The intertrial interval was 20 seconds. 


The Dare eer ens between the different events in a trial 
were decided by a pilot study with 15 subjects. For the 
first five subjects the duration of the presentation of the 
stimuli and the intervals were varied from trial to trial to 
find out if the intervals were comfortable but not too long. 
For the next five subjects the inter-event intervals were 
fixed. The heart-rate changes and the pesetron times of 
these subjects were examined to decide the optimum 
intervals. On the basis of these data the interval between 
the offset of the stimulus sentences and the onset of the 
warning signal was reduced from 20 to 15 seconds as the 
subjects’ heart rate seemed to return close to prestimulus 
levels in about 10-12 seconds. The exposure time for the 


probe words was also reduced from five to four seconds since 
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none of the subjects took more than three seconds to 
respond. The last five subjects for the pilot study were 


tested as practice runs for the main experiment. 


Subjects 


Thirty male undergraduate student volunteers from the 
University of Alberta served as subjects for this experiment 
and two others were dropped -- one because of a fire alarm 
in the building during the experiment and the other due to 
mechanical failure of the polygraph. All the subjects were 
English speaking unilinguals. Their average age was 20.23 
years and the range was from 18 to 26 years. Ail the 
subjects were right handed and reported no sensory-motor 
impairment. They were paid $2.50 each for participation in 


the experiment. 


Apparatus 


A Hewlett-Packard polygraph model 1500 with an 
integrated Poa choaeter was used to obtain, on three 
tere subjects' heart rate, galvanic skin responses, and 
a record of event onsets in a trial continuum. The 
recordings were made continuously throughout the 
experimental session on polygraph paper running at a 


constant speed of 5 mm./second. 


The onset and offset of events and the time intervals 


were controlled by Lafayette Instruments eight-bank 
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Programmer Timer. The stimulus sentences and the probe words 
were projected on the screen by a Lehigh Valley Electronics 
111-10 programmable carousel projector nee a built in 
solenoid operated shutter. It was also Slightly modified to 
allow the timer to automatically advance the slides at the 
end of each exposure. The tone (1000 Hz, 70 db) was 
generated by a Lafayette Instruments Audio-signal Generator 
connected to the timer and to a speaker-amplifier in the 


experiment room. 


The device to measure the subjects' reaction times was 
switched on automatically by the timer which also began 
Simultaneously the exposure of the probe-word-slide by 
opening the shutter in the slide projector. The reaction 
time device consisted of an electronic stop clock, a 
response apparatus with a red and a green button on a panel 
attached to the arm rest of the chair on which the subjects 
were seated for the experiment. The subjects were instructed 
to press the green button to indicate ‘yes" responses and 
the red button to indicate ‘no responses. This button- 
pressing response could stop the clock and switch on a light 
the same color as the button pressed. The duration from the 
onset of the stop clock and the probe word slide to the 
button-pressing response was measured in milliseconds. fhe 
reaction time and the response category indicated by the 
color of the light were recorded trial-by-trial by one of 
the two experimenters. The Peon clock had to be manually 


reset after every trial. 
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The stimulus sentences and the probe words were 
projected at eye level on a projection screen placed four 
feet directly in front of the subjects. The projection was 
done from the control chamber through a one-way glass window 


in the experiment room. 


Procedure 


The subjects were tested individually in an 
electrically shielded and soundproof room with a controlled 
temperature of 68°F. This room, designed primarily for 
psychophysiological testing, is adjacent to another control 
chamber in which the polygraph and other necessary equipment 


were located. 


The subjects were asked to sit comfortably in a semi- 
reclining high-back chair. They were informed that the 
experiment was concerned with adult's understanding of 
English sentences. The nature and the function of the 
electrodes to measure the heart rate and GSR were also 
explained to them. The response panel was .adjusted to the 
subjects" convenience and on the side of their preferred 
hands. Then the electrodes were properly placed and the 
subjects were asked to sit relaxed on the chair aathone much 
movement. They were left alone for about two minutes during 
which the polygraph record was checked. Instructions were 
given after the subjects’ heart rate stabilised. Ali the 


subjects were informed about the sequence of events and the 
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experimental task. They were asked to try to understand the 
sentence when it came on the screen and to get ready for the 
probe word on hearing the warning signal. They were asked to 
decide, as soon as the probe word came on, if the word was 
related to the meaning of the sentence and to press a green 
button for ‘yes* responses and a red for ‘'no* responses. 
They were given two examples and asked to demonstrate their 
responses. They were also instructed to respond promptly and 
accurately and were told that there would be a few trials in 
the experiment. They were asked if they had any doubts and 
then left alone in the experiment room when they understood 


their task. 


Two experimenters conducted the experiment -- one 
monitored the polygraph and observed the subject through the 
one-way glass and the other monitored the programmed timer 
which controlled the equipment and recorded responses and 
reaction time trial-by-trial. There was a brief post- 
experiment interview in which the subjects were asked about 
the ae and a few other questions about the sentences 
and the probe words given. The entire session lasted 


approximately 45 minutes for each subject. 


Subjects were randomly assigned to one of the lists on 
arrival in the laboratory. The testings were also balanced 


over the fore-noon and after-noon sessions. 
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The heart rate and the reaction time data were analysed 
separately. The average second-by-second changes in HR _ for 
18 seconds following the onset of sentences were computed. 
Percentages of HR acceleration and deceleration were 
analysed and related to the processing of high- and low-bias 
ambiguous sentences and unambiguous sentences. The mean RTs 
in different sentence-conditions were compared. Further, the 
mean RTS to various probe-word categories were also analysed 
to see how well they fit the predicitons of the three models 
of ambiguous sentence perception. The details of the 


analyses for HR and RT data are presented next. 


Heart Rate 


Each subject's record of heart rate (HR) was scored for 
second-by-second beats per minute (BPM) two seconds before 
the stimulus sentence and 18 seconds from its onset for each 
trial. The average of the BPM scores for two seconds prior 
to the onset ae the Stimulus sentence in each trial was 
taken as the subjects’ pre-stimulus HR (Pre HR). Percentage 
of acceleration score (Acce %) was defined as the percentage 
of maximum increase over the pre-stimulus HR (Pre HR) within 
10 seconds after the stimulus onset. Thus, if the maximun 
BPM within 10 seconds after the onset of the stimulus 
sentence is Maxi-HR, then 


ACCE % = Maxi_H 
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Similarly, the percentage of deceleration score (Dece %) was 
defined p the percentage of maximum decrease over the pre- 
Stimulus HR (Pre HR) within 4-14 seconds after the onset of 
the stimulus onset. Thus, if the maximum BPM within 4-14 
seconds reer the onset of the stimulus sentence is Mini HR, 
then 


DECE % = Pre HR - Mini HR X 100. 
Pre HR 


The time intervals for the calculation of the percentages of 
acceleration and deceieration were determined on tthe basis 
of an examination of the average HR change curves. The pre- 
stimulus HR, the percentage of acceleration and deceleration 
scores, and the second-by-second change scores were computed 
by a Heart Rate Blocking and Analysis Program (Bower, Note 
5) which was specially modified for the present data 
analysis. The mean of the pre-stimulus HRs for the sample 
was 76.61. There was no significant difference among the 
three groups in regard to the pre-stimulus HRs (F < 1). 
Figure 1 shows the average second-by-second BPM changes over 
the pre-stimulus HR for the unambiguous, the high bias 
ambiguous and the unambiguous sentences. The positive change 
scores indicate acceleration and the negative scores 
indicate deceleration of HR over the prestimulus level. 
While the major accelerative and decelerative patterns of 
change following the onset of the stimulus sentences remain 
generally comparable in the three conditions, they are most 


accentuated for the low bias ambiguous sentences. 
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Figure 1. Mean Second-by-Second Changes in Heart Rate 
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Each of the analyses of variance for Groups X Cluster X 
Ambiguity. X Bias Latin square repeated measures design was 
carried out in two stages. In stage one, following Winer's 
(1971, Pp. . 745-748) suggestion, one of the dimensions of 
Latin pate reuvie ae the sentence-cluster (c) factor, was 
disregarded | and a 3(Groups) X 3(Ambiguity) xX 2(Bias) 
analysis of variance was carried out with the Ambiguity and 
Bias factors repeated and subjects nested within the groups. 
In stage two, a two-way (Bias X Sentence-cluster) analysis 
of variance was carried out. The sources of variance and 
their respective sums of squares in these two analyses of 
variance were then broken down to obtain the sums of squares 


for the main analysis of variance in the Latin square 


HR Acceleration. The results of the analysis of variance for 
the percentage of HR acceleration scores are presented in 
Table 2. The mean percentage of acceleration for the low- 
and high-bias ambiguous sentences and for all the 
unambiguous sentences were (in control 1 and 2 conditions) 
8.947, 7.402, and 72288 respectively. As predicted, 
Ambiguity X Bias ‘interaction effect was significant, F 
(2,54) = 6.17, p < .01. The interaction effect was further 
examined by a Scheffe test of planned contrasts (Winer, 
1971). The difference between the mean percentage of HR 
acceleration for the ambiguous and the corresponding 
unambiguous control sentence-clusters was significantly 


greater in the low bias condition than the high bias 
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Table 2 
ANOVA summary table 
for 
the Percentage of HR Acceleration scores 
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{ Source (at { MS { ir { 
a er 
{ { { { { 
i Between People { 22 | { ( 
{ { { i { 
{ Groups (G). { 24h 3.086 4 0.08 { 
| | { { | 
{ People within Gr. (P:G) { Zi, 365560 { j 
{ i { { { 
{ Within People Pe Looe ( 
I { i i | 
{ Ambiguity (A) i Zee NO. 2sd thf in 36 82 { 
{ { { | i 
{ Sentence-Cluster (C) { Zen | 0.332 4 0.08 { 
{ { | { { 
{ (AC) 2 { Zant g We oe Sr Ges eat { 
1 { | { { 
{ Residual (1) { 54 { 4.250 | | 
| { { { { 
{ Bias (B) { eae | GOiS6 fF ote | 
{ : { { { { 
{ B X G { Pa | V6.645 47 20.58 | 
{ { f ( { 
{ Residual (2) { a Zee ore ik { 
{ { i { | 
{ Bi. xaeC { 2. 0.36017." v Gat3 | 
{ { i { { 
{ A xXx 8 | Ze ADOD. f 6.iltee { 
{ { { { { 
{ (AC)? X B { Diet C2861 f 90.30 { 
{ { 4 { { 
{ Residual (3) | Sq uh] 26869" ©] { 


(Was Schu 6} 5) 8 2b gees dk Liskie se RS ee, Be ee eh ee ee ee 
Note: All the Residual sums of squares and their respective 
degrees of freedom were pooled to obtain the Pooled 
MS error which was used for Scheffe tests. Pooled MS 
error = 3.419, df = 135. 
*p < .05 a GM! 
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condition, FS (1,135) = 10.13, p < .01. This would account 
for the Ambiguity X Bias interaction effect. As Table 2 
shows the ambiguity main effect was also significant, F 
(2,54) = 3.82, p < .05. On further Scheffe tests, it was 
found out that the mean percentage of acceleration for low 
bias ambiguous sentence-clusters was significantly greater 
than the mean for their corresponding controls E (1,135) = 
19.29, P< .01, whereas the mean of the high bias ambiguous 
sentence-clusters did not differ significantly from the mean 
of their respective controls (F<1). Thus, the Scheffe tests 
for specific Ambiguity X Bias interaction effect and the 
ambiguity main effects lend further support to Hypothesis 
1.1. The complexity of sentence perception, as indicated by 
the percentage of HR acceleration seems to be greater for 
the low . bias ambiguous sentences compared to their 
respective controls whereas high bias ambiguous sentences do 
not differ from their unambiguous controls. In other words, 


the analysis of variance and the Scheffe comparisons for the 


S For this and each of the subsequent tests of Scheffe 
contrasts a single pooled error term was used. The pooled 
error term was obtained by combining the residual sums of 
Squares from the main ANOVA and their respective degrees of 
freedom (see Winer, 1971, Pp. 745-747). Since the error 
terms can be pooled only when there is no evidence of 
heterogeneity among them, F tests of homogeneity of variance 
were done in each case to decide whether or not all or at 
least two of the residual terms can be pooled together. 
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percentage of HR acceleration scores® show that ambiguity 
makes the perception of a sentence more difficult only when 
both the meanings have relatively equal strength and not 
when the sentence is heavily biased toward one of the 
meanings. 

HR Deceleration. The mean scores for the percentage of HR 
deceleration were 3.802 for all the unambiguous sentences 
(control 1 and 2 conditions put together), 5.581 for the 
high bias ambiguous sentences, and 5.999 for the low bias 
ambiguous sentences. Table 3 gives the summary of the 
analysis of variance for the percentage of deceleration 
scores. Significant ambiguity main effect was obtained, F 
(2,54) = 17.65, p<.01. A three-factor interaction among 
Ambiguity, Bias, and Sentence-Cluster was also significant. 
However, as. pointed out earlier, test of this interaction is 
based only on partial information and therefore, no attempt 
will be made to interpret hee effect, which could be either 


due to the interaction of specific sentences with the 


6 In a preliminary report of the results (Mohanty, 1977, 
Note 6) the data were subjected to a 3(Lists) xX 12 (Trials) 
repeated measures analysis of variance with subjects nested 
within Lists. The Ambiguity and Bias main effects and the 
Ambiguity X Bias interaction effects were tested by a series 
of Scheffe planned orthogonal contrasts using the error term 
in the main ANOVA. Comparable significance of the F ratios 
were obtained and the main conclusions still remained the 
same. However, this method of analysis was abandoned for two 
reasons. First, the Scheffe test is mostly used for 
comparison among the treatment means following a significant 
Overall F in the main ANOVA and not for the test of 
treatment effect itself. Second, as Winer (1971, p. 175) 
pointed out, when a large number of Scheffe comparisons are 
made some of them may be significant just due to the chances 
of Type I error. 
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Table 3 
ANOVA summary table 
for 
the Percentage of HR Deceleration scores 


j Source Peradt { MS { PE 
DEE oer eh ay ee ee sors eecnm=s Soei perwe erteng~emieeom f  ecameemraannsee aa) 
{ i { { { 
{ Between People ( 22 | { { 
hte { l { : 
{ Groups (G) i 2) fi ei Z.089 { 1.03 i 
{ { { | { 
{| People within Gr. (P:G) | 2h et Awe eo 4 | 
{ { i 1 { 
| Within People f 150 | i ( 
{ { i { { 
{ Ambiguity (A) { 2) te 28.995. | 17. 6S** | 
{ { { i { 
{ Sentence-Cluster (C) | SS | G@.199 4 0.94 { 
4 i { | i 
{ (AC) 1 | font 2<689 f 0.60 | 
| { { i | 
{ Residual (1) { 5G {| 4.475 {| { 
{ : i 1 { | 
{ Bias (B) { wi Go7716.. (>) e948 { 
| { I { | 
{ B XG { Ze 4 0.166 £ 0.03 { 
| | { i { | 
i Residual (2) { Zt 3.499 | { 
{ i { { { 
{ BX C { oe. Sa9710. “tree? { 
i 1 { { { 
{ fee Ce 2) { FE Osis te, 0604 { 
{ { { { { 
i (AC)! xX B I 2) 4 024.938 ( 7.58** 1 
1 { { { | 
{ Residual (3) — { 54 | 3.186 {| { 
ee 


Note: All three Residual sums of squares were pooled and so 
were the respective degrees of freedom to obtain a 
Pooled MS error which was used for the Scheffe tests. 
Pooled MS error = 3.764, df = 135. 
**pD < 201 
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ambiguity and bias conditions or due to the arrangement of 
sentence-clusters in the specific Latin square used in the. 
analysis. The ambiguity main effects were further analysed 
by Scheffe tests of planned contrasts. The mean of the low 
bias ambiguous sentence-clusters was significantly greater 
than the mean of the corresponding unambiguous sentences, F 
(1,135) = 21.467, p<.01. In the high bias condition the mean 
of the ambiguous sentence-clusters was significantly greater 
than the unambiguous controls, F (1,135) = 20.515, p<.01. 
Thus, for the percentage of HR deceleration measure, effect 
of sentence ambiguity seems to be significant in both the 
bias conditions. This is contrary to Hypothesis 1.2 which 
predicted a significant ambiguity effect in low bias 
condition but not in the high bias condition. Since the two 
bias conditions did not differ high- and low-bias of 
ambiguous sentences was not a significant variable for HR 


deceleration. 


The een time data were analysed for 27 subjects; 
two subjects were dropped because of failure to meet the 
response criteria which were, i) less than three errors and 
ii) less than two failures to respond within four seconds. 
One subject was eliminated randomly to make the group sizes 
equal. The mean RTS for the high- and low-bias ambiguous 
sentences and the unambiguous sentences were 1637.7, 1592.5, 


and 1441.7 milliseconds, respectively. Subjects* reaction 
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times for each type of sentence were further broken down 
according to the probe word types. The mean and standard 
deviation of the RTs for different probe word categories are 
given in Table 4. As pointed out earlier, this technique of 
giving probe words of different types of relevance was taken 
from an earlier study by Shanon (1974). In his study, 
subjects ware given simple sentences in which the main noun 
was either a homophone or a reguiar (unambiguous) word. The 
sentences with homophones, however, provided a clear 
disambiguating context e.g. the homophone organ, which could 
mean pittee part of a body or an instrument, was given in 
the sentence The organ is healthy. The ambiguous sentences 
were followed by probe words, i) related to the contextual 
meaning of @ieabonc phon ae (Homophone - yes, e.g. The organ 
aS healthy. == Body), ii) xselated to the context - 


irrelevant meaning (Half-relevant, e.g. The pitcher is full 
-- Baseball), and iii) probe “Spee completely irrelevant 
(Homophone - no, e.g. The table is complicated. -- Health). 
The unambiguous sentences were followed by either related or 
unrelated probe words. In the present study the same types 
of probe words -as in Shanon'ts study were given?’ besides 
another category in which the probe words were related to 


both the meanings of the ambiguous sentences (Y:b). However, 


in this study, both high- and low-bias ambiguous sentences 


7 Shanon's (1974) Homophone - yes and Half-relevant 
categories are same as Yes: dominant (Y¥:d) and Yes: non- 
dominant (Y:n-d) types respectively, in the present study. 
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Table 4 


Reaction Time to Probe Words 
(Obtained and Predicted Ranks) 


ep eet emcee ame ew wee ee SP a eee ee ee ae ee > ee es ee Se ee ee ee ee Se See ee SS SE ee ee em ee eee ae a ee ae aoe ae 


Rank orders 


Sentence Probe RT2 qmillisec) Obtained Predicted 
Type Type (Mean & SD) 1 z 3 
Youn 1372.6 3 3 & 3 
Unambiguous (108) (354.9) 
Neun 1510.7 4 7 6 6 
(108) (351.5) 
Ysb 1347.1 2 3 : See 
(9) (245.7) 
ed 1586.0 6 5 3 3 
High Bias (9) €35573) 
Ambiguous _ ) 
Yon-d 2075.9 10 Rae eas de gs) 9 
(9) (263.0) 
Neam 1605.7 H 7 925 u10 
(27) (327.7) 
Ysb 1573.7 5 3 2 3 
(9) (276.7) 
Y:d 1261.7 1 3 3 3 
Low Bias (9) . (355. 8) 
Ambiguous 
(9) - (304.1) : 
Nsam 1626.4 8 7 Lat) 8 
(27) (440.6) 


ee eee ee ee a re ew ee ee > ee oe ee ee ee ew or ee a os ee eres Se a ge ew oe ee ee SE oe ee ee ee SY ee SS 


ote 1: Numbers. in parentheses represent the number of 
responses from which the means were computed. 


Note 2: SDs are given in parentheses. 
Note 3: Columns 1, 2, and 3 represent predictions of the 


unitary perception, the perceptual closure, and the 
perceptual suppression models, respectively. 
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were taken wheras in Shanon's study the sentences were 
clearly of high-bias category. Although the study did not 
measure the bias of the sentences, the context of the 


homophones create a dominant bias in favor of one meaning. 


Shanon's (1974) findings were inconclusive at least 
partly because in his study bias levels of the sentences 
were not taken into consideration. In the present study bias 
of the ambiguous sentences was varied and the models of 
ambiguous sentence perception were used to predict the 
pattern of RTs to the probe words of different categories. 
The RT data were analysed to find out how well they fit the 
predictions of the three models. Ten categories of probe 
words were deed Pin the study. Two of them were related and 
unrelated probe words for the unambiguous sentences (Y:un 
and Nsun, respectively). Four others, viz., related to both 
the meanings (Y¥:b), related to the dominant meaning (Y:d), 
related to non-dominant meaning (Y:n-d), and unrelated 
(Nsam) types, were repeated for high- and low-bias ambiguous 
sentence conditions. The predicted relationship among the 
mean RTS to these ten categories of probe words was 
expressed as a ee eguation for each of the three 
models. Two assumptions were made. It was assumed that when 
a probe word is compared with any single meaning of a 
sentence, other conditions remaining the same, ‘yes* 
responses are elicited earlier than ‘no responses. For 
unambiguous sentences, for example, muos response to an 


unrelated probe word takes longer than a ‘yes* response to a 
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related one. This assumption is supported by some empirical 
ue setoca Shanon, 1974). Further, when a model did not 
specifically predict any relationship between two probe- 
types a null relationship of no difference was assumed. The 


rank-order equations for each of the models are given below. 


The unitary perception model: According to the predictions 
of this Bode as discussed earlier, RT to probe words which 
are related to the non-dominant meaning of the ambiguous 
sentences should be the longest and bias condition should 
have no effect. So, the rank-order relationship among the 
ten types of probe words should be: 


(Y:un=Y:b (8) =¥: d(H) =Y:b (L)=Y2d(L) ) <(Nzun=n: am (H) =N; am(L))< 
(Ysn-d(H) =Ysn-d(L) ).-.--Eq (1) ® 


In other words, the unitary perception model would predict 

the following relationship for the RT to probe words of 

different types. 

{RT to probe words related to unambiguous sentences; and 

related to the dominant meaning or to both meanings of 

ambiguous sentences of both high- and lLow-bias conditions] 
Should be less than 

(RT to probe words unrelated to any meaning of ambiguous 

sentences of both the bias conditions and to unambiguous 

sentences ] 


should be less than 


{RT to probe words related to the non-dominant meaning of 
ambiguous sentences of both the bias conditions] 


6 H and L in parentheses refer to high- and low-bias 
conditions respectively. 
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80 
The perceptual closure model: According to this model the 
probe words unrelated to the meaning(s) of the ambiguous 
sentences should have longest RTs because they have to be 
compared with both meanings before a 'no' response is given. 
Further, bias condition should have-no effect on RTs. The 
predicted relationships can be expressed thus: 


(Y:un=Y:b(H) =Y¥3:dqH) =Y3 bc(L)=Y:d cL) ) <Nsun<(Ysn-d (H) =Y:n-d (L))< 
(Nsam (H)=Neam(L))... Eq (2) 


In other words, the perceptual closure model would predict 
the following: 
{RT to probe words related to unambiguous sentences, and 
related to the dominant meaning or to both meanings of 
ambiguous sentences of high- and low-bias conditions] 

should be less than 
{RT to probe words not related to unambiguous sentences ] 


should be less than 


{RT to probe words related to the non-dominant meaning of 
ambiguous sentences of both the bias conditions ] 


should be less than 


{RT to .probe words unrelated to any meaning of ambiguous 
sentences of both the bias conditions] 


The perceptual suppression model: RT to probe words related 
to the non-dominant meaning and unrelated probe words, 
according to this model, should be longer in the high-bias 
ambiguous sentence condition than the RT to similar probe 
word categories in the low-bias condition which, in turn, 
should be longer than the RT to the unrelated probe words 
for unambiguous sentences. The other relationships should 


remain the same. Thus, 
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b (H) =Y: d(H) =Ys b(L) =Y¥2d(L)) <Neun< (Y2:n-d(L) ) <Nsam(L) < 
~d (H) <Nsam (HH)... Eq(3) 


The relationship predicted by the perceptual closure model 
can Simply be expressed as: 
(RT to probe words related to unambiguous sentences and 
related to the dominant meaning or to both meanings of 
ambiguous sentences of high- and low-bias conditions] 

Should be less than 
{RT to probe words not related to unambiguous sentences j 


should be less than 


{RT to probe words related to the non-dominant meaning of 
low-bias ambiguous sentences ] 


should be less than 


(RT to probe words unrelated to any meaning of low-bias 
ambiguous sentences ] 


should be less than 


{RT to probe words related to the non-dominant meaning of 
high-bias ambiguous sentences } 


should be less than 
(RT to probe words unrelated to any meaning of high-bias 
ambiguous sentences ] 

The three equations were converted into predicted rank 
order scores which are given in Table 4 along with the 
actual rank crder for the mean RTs obtained in the study. 
Rank scores increase with the RT and as usual, in case of a 
tie, the tied probe categories were given the average of the 


ranks they would have received if there were no ties. 


The relationship between the pattern of ranks predicted 
by each model and the actual ranks obtained from the data 


should give an indication of how well the data fits each 
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model. The Kendall rank correlation coefficients: T tau) 
corrected for rank ties «Siegel, 1956) were computed. The 
correlation coefficients (T) between the obtained ranks and 
ranks pr eda ceed by the unitary perception, the perceptual 
closure, and the perceptual suppression models were .723 (p 
<.01), «545 (p<.05) and .579 (p<.05) respectively. The 
unitary perception model was the best predictor of the 
obtained ranks. However, this does not permit a clear choice 
because the correlation between predictions of the other 
models with the data also reached the level of significance. 
This is not surprising in view of the fact that the first 
five ranks predicted by all three models were identical. The 
Kendall coefficient of concordance (W) for all four sets of 
rankings was gree icant: W = .876, df = 9, p<.001. It shows 
that the predictions of the three models were highly related 
among themselves and also with the obtained set of ranks. In 
the next step of analysis, therefore, the probe word 
categories corresponding to the first five ranks predicted 
identically by the three models were dropped and the Kendal 
correlation coefficients were computed for the remaining 
five categories (viz., Nzun, N:a(H), Nz:a(L), Ysn-d(H), Ysn- 
dqL)). .The obtained set of ranks still had a significant 
correlation with the ranks predicted by the unitary 
perception model, T = .78, p<.05, whereas the correlation 
coefficients with the ranks predicted by the perceptual 
closure and the perceptual suppression models dropped to 0 


and .2 (p>.05) respectively. It seems the unitary perception 
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model fits the data better than the other models. 


An analysis of variance in the main Latin square design 
lends further support to the unitary perception model. The 
analysis was carried out with the realisation that the probe 
types were not balanced within the cluster of sentences 
although they were balanced for the other dimensions of the 
Latin square. In other words, the cluster effect for the RT 
data is confounded with the effects of probe types, but the 
tests of bias and ambiguity effects could still be made in 
the analysis of variance summarized in Table 5. The main 
effect of Ambiguity was significant, F(2,48) = 21.11, p<.01, 
whereas tHe effect of Bias was not significant (F<1). This 
confirms the unitary perception hypothesis which predicted 
effect of ambiguity on RT to probe words particularly due to 
the probe words of the Yen-d category, but no effect of 
bias. The main effect of - aan PRES 6 (C) was 
significant, 4 F (2,48) = 21451, %p<.01; ¢sojwas the partial 
Ambiguity x Sentence-cluster x Bias interaction effect, F 
(2,48) = 5.94, p<.01. Interestingly enough the two most 
difficult probe categories with the probe words related to 
the non-dominant | meaning of ambiguous sentences (Y:n-d) 
occurred in sentence-cluster 1 (C1), whereas clusters 2 and 
3 were balanced for the other probe-categories. The mean RTS 
for the three clusters (1617.4, 1447.9, and 1433.4 
milliseconds for clusters 1, 2, and 3, respectively) clearly 
reflect this difference. On the whole, the results of the 


analysis of variance as well as the comparisons of RTs for 
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ANOVA summary table 
for 
the Reaction Time Scores (in millisecs.) 


ie ads ee eT el Praline a ee eene Sout AP aE cis ae kai Cre ie Sef 
{ Source (iond£ ( is \ & i 
ee ae Cn FY Sena ss | 
{ ( { { { 
{ Between People { 26 | i I 
Groups (G) 2 “ananty 2-06 
People within Gr. (P:G) . 24 maetet ) 
) Within People 135 ) ) 
Ambiguity (A) 2 arbres 21.11%% 
) Sentence-Cluster (C) ; 2 eee 21.51** 
| {AC) 2 | 2 33837.5| v.29 
f Residuai {1) - 48 ) Pe ad 
Bias (B) 1 “eprint 0.05 , 
BX G Z ; 73104.04 1.95 , 
Residual (2). 24 ; “nePewe : 
) Bx 4G i saa cot 0.74 ; 
; AX B 2 ; 67328. 04 1.89 : 
: (AC)? X B 2 recht 5.94 *% ) 
Residual (3) 48 Besa 

wo ee en aes ce ee 


(a te 


**pD < .01 


1 es 

[rant . Ua Re n 4 

na) ie Al hy Teh 

ial aNd) ie 

ala a a ‘aX uN ES, toe 4 

OT, ay a, i a 7 date “i i ty PAM 
; ae SE yi tea a a 

; or BO i op ‘ays 4 Ef eld ie 


[ oon LEM mid eetoDe 8 roa 


“dit he ‘eldat waren 
‘262, 


} i af 
. | - ate: ie 
»' pare Pais ae in a NER 4 ¥ “ 
i > | Bice ty cd bi ae ”, 
4 ) Lia a 220 
: j | i ; i ae. aEw of : i 
\ O28 }O.B08N0B 4 ; mena CNS od wae? a 
i : ary | } SAU I she eon a: 
f bc BEEPCE pes i Osa) “20 nbasiy oiqosat 
4 ' i : vee Wo is 
£%p PCat: 2s mt “aoe cia 
: ae | : i. ie ay 
p me hit 40 9enRce FS nee er, yeiupsdea® 
) aepg ite pe .asvtee ho Ss : or “qeteulo-s00b51 
t lee ; Bice . 
| f pe VESGEE Ss i A a, FOR 
j . Chl al me: “f 
“4 (0, av Pos } Gh : vast 
ut i ; Ba it : att 
; ae PO aPS OF Rte, }- Sain a: 
} ; | ei: 
f rit PMaraneei the Sie" es | 
aT hs ; t ft 
e re .ETar ‘aes SF, ‘rewbtaom > 
Br | : ' Ca 
BF 0 EOL Fee Ee aciee : 
* fae. 
OBwl LOLBSEtS ke Sia ; 
ase t 
wee OA (OF FArPe spe7s { p 
t His" 
Be erst a ; mY 
eee 4. 


85 


¥aciodesprove types support the hypotheses derived from the 
unitary perception model. It appears, in a task like the one 
given in this study subjects follow a unitary perception 
process. At least, some time after the initial processing of 
an ambiguous sentence the comparison of its meaning to a 
given probe word is done as if the sentence has one 
contextual meaning. The other meaning of the sentence is 
considered only when the probe word is related to the less 
dominant meaning of the ambiguous sentence thus externally 
changing the initial context of the sentence to a certain 
degree. In such a case, the original bias of the meanings 
has er tene to do with the time taken in the process of 
comparison. The question whether the sentences are processed 
unitarily Piawegenon the beginning or whether people use 
such a task-related strategy only when they Hye to respond 
in a probe-word type of Situation cannot, however, be 
answered from an examination of the RT data alone 
particularly since in the present study the task was given 
after a considerable length of time. The heart rate and the 
reaction time data will be considered together in the 


following section in an attempt to answer this question. 


The mean RTs for each type of probe words in Shanon's 
(1974) study were compared with the corresponding probe- 
types for unambiguous and high bias ambiguous sentences. The 
rank order of RTs in the present study was the same as in 
Shanon's (1974) study. In both studies RT to the probe words 


related to the less dominant meaning of (high bias) 
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ambiguouS sentences was the longest. The RT to the probe 
words unrelated to the (high bias) ambiguous sentences was 
the next, followed by the RT to the probe words related to 
the dominant meaning of the thigh bias) ambiguous sentences. 
The last two in the rank order were the RTs to the _ probe 
words unrelated and related to the meaning of the 
hfeebi awoe sentences. The time intervals between the offset 
of the sentences and the onset of the probe words in 
Siencaes (1974) study were 1500 milliseconds in Experiment I 
and 500 milliseconds in Experiment II. Shanon did not find 
any effect of the time gap; RTs in two experiments were 
almost identical. It is interesting to note that the results 
of the present study generalize Shanon'*s findings to an 


interval as long as 21 secs. 


Discussion 


=e eee a 


In Summary, the HR acceleration data support the 
hypothesized dual process model -- exhaustive computation 
for the low bias ambiguous sentences and unitary perception 
for the high bias ambiguous sentences. The Ambiguity x Bias 
interaction effect was significant. Looking into the 
specific Scheffe comparisons, the ambiguity effect was 
significant in the low bias condition but not in the high 
bias condition. Studies on Lacey*s intake-rejection 
hypothesis, reviewed earlier, very clearly suggest that 
cardiac acceleration is quite a reliable indicator of 


internal cognitive activity. Further studies by Kahneman, 
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Tursky, Shapiro, and Crider (1969), Tursky et al. (1970) and 
others (©-ge, Jennings, 1971) have shown that the complexity 
of the cognitive activity is positively related to the 
degree of acceleration. In the present study the subjects 
were asked to understand the meaning of the sentences and 
were also told that the sentences were to be followed by a 
task in which they have to indicate if the sentence is 
related to a given probe word. Considering that the error 
was only 1.23% of the total responses it can be assumed that 
the subjects did make an effort to understand the sentences 
presented to them. Acceleration of heart rate clearly 
indicates the cognitive activity associated with trying to 
process the information contained in the sentences and to 
perceive their meaning. Further, significant Ambiguity x 
Bias interaction effect for percentage of HR acceleration 
provides evidence for exhaustive computation of ambiguous 
sentences of low-bias level and unitary perception of high- 
bias ambiguous sentences. It seems, the subjects perceive 
the high bias ambiguous sentences as they perceive any 
unambiguous sentence; only one meaning is processed and the 
sentence is most likely not seen as ambiguous. Both the 
meanings of low-bias ambiguous sentences, on the other hand, 
are computed and the sentence is most likely perceived as 


ambiguous. 


According to Lacey's intake-rejection hypothesis an 
initial deceleration of heart rate could have been expected 


during the information ‘intake’ phase in which subjects 


L orery is: 
ae arts 


_ Pkxelgeos eas ten 
ie ‘pat ot boteisaz viekieiae’! ate 
‘gtostdus sit ySote rngeasg ead at 
es se5aumien odd to pakas Aon Prey pede 


| a ae 
bi yd. fbowolfod 5d oF suey 295093998 oto te Atos cote, 


ae ; 


i stBoEbSt: ‘oF wink. Sine addy ae j 
ld a - Bi? nn 
10219 ef% ted? periebieaod) 20M" (atoag) nowt © oF be ta 


tsd+ beareas od 263 +t zgenogees is tod ont RORESs Le qis0-nee 


zeouesnee oft Sastetehan oF -10t26 98 Sasa ‘$rh ‘ngoetana oid 


vyitssio seis? f7sen to pot? 519398 seit oo “bosneae | 


ot: potyit dAtiw boratsomes ysivi7si q¥itingos. ois eossoRbad 
ee ee ee 


oF Bas »seone2as2e. oat at henis 2909 ro btsagotnt a ane O=g 
' is 


7] 
‘$ 
b 
— 
- 
- 
2 
a 
Pe] 
4 
¢ 
7 
ta 
pe * 
— 
- 
“ 
iV 
«# 
‘ 


oi tI0 spatasen aieds oe 


o 
te 
> 
y 
4 
oa] 
tf 
t) 
uy 
te 
ae 
t 
© 
he 
t 
4 
Ra 
’ 
) 
+4 
we 
‘ 
o 
ie 


¥o he soisq 107 soatte no okisere ei at oy 


apovpidas to aolsstrqme> svisavenes TOs 


sv ienirse stostdve edt .eaeou IT Be0mss Ase eoouphdns 


& gvisowsg Yyed? eB aonfetiee eyolpD > Lams osid a - 


sdt bas Bsazenoxg |i) pakasew on0 vian saone sae 2uope dns aw 
‘- gat dtol ..e86ptdes 28 mee ae ‘ton yYledtit. jean at s 18 


“ig 


basi tedzo ad?’ go weiiatete at sxougidme aa heeent to. eps bas ri 


1 
<. iep foi MEAs 
26 boevisowsg vioobal t20m. st. suaetase od? Ome. “baguqnos, 9; 
w : é a nn Je a4 : . Ae 


> 


by i 
?sPRDOUD fe 


‘ na , es % ~° 
is | 24 ta sot saeiiisasind strona 10% 
‘theoneen asad syed tage 2 sokssreleosh 


e 


y 


; 2 ies et rave 


>. ome seis ats: oa | 5 aalil 


<r : itd Sy v 

: (ae i} role ' 7 

hat that tected eet La 
a a . a Sane 


—~ 


» 


88 


attend to the external stimulation. However, as Kahneman et 
al. (1969) have found, an accelerative pattern can be 
dominant particularly when subjects are given instruction 
and also, as in the present study, knowledge of the task 


prior to the presentation of the stimulus. 


The analysis of the percentage of heart rate 
deceleration shows that the effect of ambiguity was 
significant regardless of the bias level of the ambiguous 
sentences. AS pointed out earlier, when a subject knows that 
a stimulus is to be followed by a task such as reacting to 
probe words in this study, his HR accelerates during 
processing of the stimulus and decelerates prior to task 
performance. Cardiac deceleration in such cases indicates a 
preparation to respond or a cardiac orienting effect (Coles, 
1974; Coles & Duncan-Johnson, 1975). In other vords, zt 
indicates subject's preparation to attend to an external 
task-related event. A greater complexity of the initial 
stimulus, or a greater uncertainty associated with its 
processing, as in the case of Das and Bower's (1973) 
0.70:0.30 probability condition, not only makes the subject 
think harder to understand the stimulus, it also makes hin 
pay greater attention to the approaching task; congruent 
with Lacey's hypothesis this attention to an external event 
accounts for HR deceleration observed in this study. fhe 
results show that sentence ambiguity ieads to a greater 
attention and response-readiness to the probe word task. 


This finding is interesting, particularly in view of the 
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fact that the acceleration data shows that only one meaning 
of high bias ambiguous sentences may have been processed. 
One can conclude that although high bias ambiguous sentences 
are processed unitarily there is still some degree of 
uncertainty associated with its comprehension. In other 
words, even when subjects perceive only one meaning of high- 
bias ambiguous sentences and process it in the same manner 
aS any unambiguous sentence, they are not so sure of its 
meaning. 

Congruence between HR and RF. The heart rate data, thus, 
seem to be compatible with the hypothesis that both the 
meanings of low bias ambiguous sentences are processed thus 
making their perception more complex whereas in the case of 
the high bias ambiguous sentences only one meaning is 
processed. The reaction time data, on the other hand, seems 
to give overall support for the unitary perception model. 
One indication of unitary perception is that RT to the probe 
words which were related to the less dominant meaning of 
ambiguous sentences (Y:n-d) (e.g. The lawyer insisted that 
the charge was unjust -- COSTLY) is longer than the RT to 
the probe words unrelated to the ambiguous sentences (Nsam). 
Extra time is apparently taken up in reprocessing of the 
sentence because the less dominant meaning is called for by 
the context which the Y:n-d type of probe word provides. In 
the present study the RT to the Y:n-d type of probe words 
were longer than the N:am types in both the bias conditions. 


This difference would support a unitary perception model 
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even for the low bias ambiguous sentences, However, the 
difference between the mean RTs for the Y:n-d and Nsam types 
of probe words is 218.0 msec. in the low bias condition and 
470.2 msec. in the high bias condition. In cther words, the 
extra time taken to perceive the iess dominant meaning of 
the ambiguous sentences is more in the high bias condition 
than in the low bias condition. This relationship is exactly 
what the perceptual suppression model would predict because 
according to this model the dominant meaning has to be 
suppressed before the other meaning can be perceived. 
Further, the time taken to suppress the dominant meaning 
varies directly with its bias. Thus, the possibility of a 


perceptual suppression process cannot be ruled out. 


These apparently conflicting results can be explained 
by taking the time interval between the stimulus peal be 
and the probe words into consideration. In the event of an 
eeaa eave computation where both the meanings of ambiguous 
sentences are non-selectively accessed to begin with, there 
follows as MacKay (1970) has argued an interaction between 
the two meanings involving a process of suppression. However 
the perceptual suppression process cannot go on 
‘indefinitely. At some point, choice of a single meaning has 
to be made either by suppressing, more or less permanently, 
one of the meanings or, as in the case of appreciation of 
puns, integrating the meanings into one another. In any 
event, interaction among the meanings finally leads to what 


can be called a perceptual closure. But such perceptual 
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closure does not necessarily have to occur immediately at 
the end of a clause boundary (cf. Bever et al. 1973); it is 
a process which occurs over a period of time the length of 
which depends on a number of factors including relative bias 
of the meanings. In cther words, exhaustive computation of 
the meanings of ambiguous sentences leads to a selective 
unitary process sooner or later depending upon how long it 
takes to arrive at a perceptual closure. In the case of low 
bias ease sentences, perceptual closure follows a 
relatively lcng process of perceptual suppression because it 
is harder to drop a meaning which is nearly as likely as the 
other. At the same time, the longer it takes to suppress a 
meaning the easier it is to retrieve that meaning from 
memory should it be necessary to do so. This might explain 
why the RT to Yen-d type of probe words is less in the low 


bias conditions compared to the high bias condition. 


In conclusion, it is observed that the high bias 
ambiguous sentences are perceived unitarily. The less likely 
meaning of such sentences is not accessed until it is 
justified by a subsequent context like the one provided by 
the probe words related to less dominant meanings. In such a 
case the sentence is reprocessed and the other meaning is 
also perceived. The low bias ambiguous sentences, on the 
other hand, appear to be processed exhaustively and both the 
meanings, accessed in a non-selective manner, interact with 
each other. The results of the RT task was explained by 


assuming that this interaction most likely involves a 
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perceptual Suppression process which finally results in a 
more or less permanent suppression of one of the meanings or 
in an integration of one meaning into another. At this 
point, the perception of the ambiguous sentences can be said 
to have become unitary. However, should an occurrence of a 
context beyond this point make it more likely, the 
suppressed meaning has to be retrieved. The longer it takes 
to suppress a meaning the easier it is to retrieve when the 


context is changed. 
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,, CHAPTER III 
EXPERIMENT 2 


Rationale and Hypotheses 


Ran iaieee sentences have been widely classified into 
three kinds: those with ambiguities at lexical, surface 
structure, or deep structure levels. Is the perception of 
one type more complex than the other? No conclusive answer 
can be obtained by reviewing the existing studies. Bever et 
al. (1973) argued that the degree of complexity of different 
types of ambiguous sentences depends on the task 
characteristics -- on the point of initiation of the task 
performance relative to the processing of the sentence and 
on the nature of the response requirements. However, as 
pointed out earlier, it is both logical and possible to 
determine the relative degree of perceptual complexity of 
the three types of ambiguous sentences independently of any 
task performance by the use of electrophysiological changes 
such as HR, EEG etc. The first experiment provided a 
methodology and demonstrated the use of HR measures, in 
comparison of perceptual complexity of sentences by varying 
their degree of ambiguity. The results of the Experiment 1 
also indicated that the bias of the meanings must be 
controlled in any attempt to compare the perceptual 
complexity of ambiguous sentences of different types. It is 
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possible that the conflicting findings in the literature 
regarding the perceptual complexity of the lexical, surface 
structure, and deep structure types of ambiguous sentences 
can be attributed partly to the lack of control for the bias 
level of these sentences and also partly to the use of 
different experimental tasks. The purpose of this 
experiment, therefore, was to compare the effects of 
lexical, surface structure and deep structure types of 
ambiguity on the perceptual complexity of sentences all of 


which are in the low bias range. 


AS in the previous experiment, the low bias ambiguous 
sentences were those for which 50 - 70% of the subjects 
paraphrased one of the meanings the rest paraphrasing the 
other. Percentage of HR acceleration and deceleration were 
used as directly related indicies of difficulty in 
processing while comparing the different types of sentences. 
The results of Experiment 1 showed that low bias ambiguous 
sentences of the lexical type are most likely perceived 
exhaustively, that is, both the meanings of such sentences 
are non-selectively accessed making their perception more 
complex than the unambiguous sentences. For the present 
experiment, also, a similar effect was expected. In regard 
to the percentage of HR acceleration and deceleration scores 
the following were, therefore, hypothesised: 

Hypothesis Teds HR acceleration following the 

presentation of low bias ambiguous sentences of 

lexical, surface structure, and deep structure types is 


Significantly greater than that following the 
presentation of unambiguous sentences. 
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Hypothesis 2.1: HR accelerations due to the effects of 
lexical, surface structure, and deep structure types of 
ambiguity are significantly different from each other. 
Hypothesis Peles HR deceleration following the 
presentation of tow bias ambiguous sentences of 
lexical, surface structure, and deep structure types is 
significantly greater than that following the 
presentation of unambiguous sentences. 
Hypothesis 2-2: HR deceleration due to the effects of 
lexical, surface structure, and deep structure types of 
ambiguity are significantly different from each other. 
In summary, significant Ambiguity X Sentence-Type 
interaction and Ambiguity main effects were expected. In the 
event of significant Ambiguity X Sentence-Type interaction 
paired comparisons for ambiguity effect in different 
sentence-type conditions were aiso planned without any a 


priori hypothesis regarding the direction of the 


differences. 


A reaction time task similar to the one in the first 
ex eerinent was also used. But, unlike the first experiment, 
only two types of probe words, viz, related and unrelated 
types, were given. The results of Experiment 1 showed a 
Significant effect of ambiguity on the RT to probe words. 
RTs to related and unrelated probe words in the low bias 
condition were greater than the RTs to similar types of 
probe words for the unambiguous sentences although the 
general trend of RT to probe words of different types 
suggested that at some point after the initial exhaustive 
computation there is perceptual closure with the selection 
of a single meaning or integration of the meanings into a 


unitary perception. Thus, the following were hypothesized: 
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Hypothesis 3: RT to probe words following low bias 
ambiguous sentences of lexical, surface structure, and 
deep structure types are significantly different from 
the RT to probe words following the unambiguous 
sentences. 


Hypothesis 4: The effects of ambiguity on RT to probe 
words in lexical, surface structure, and deep structure 
types of ambiguous sentence conditions are 
“significantly different from each other. 
Again, in regard to the RT task, significant Ambiguity X 
Sentence-Type interaction, and Ambiguity main effects were 


expected. Comparisons were planned to find out the specific 


differences among the three sentence-type conditions. 


For this experiment 18 low bias ambiguous We kee ng 
six es from lexical, surface structure, and deep structure 
types -- and their respective pair of controls were used. 
The criteria for selection of these sentences and the 


norming procedure were described in the previous chapter. 


Only related na unrelated types of probe words were 
used in the unambiguous sentence condition (Y:un, N:zun) and 
in each of the three types of ambiguous sentence conditions 
(Ysam, Nsam). Within each condition the probe words were 
balanced for related nue unrelated types. Probe words of the 
Yeam type were related to both the meanings of ambiguous 
sentences except for two sentences in which case they were 


related only to the dominant meaning. 
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The design of the experiment was the same as that of 
the Experiment 1 with only the bias conditions replaced by 
the sentence-type conditions. The ambiguous sentences were 
divided into three lists -- each with clusters of two 
lexical,. two surface structure, and two deep structure types 
of ambiguous sentences. The pair of unambiguous control 
sentences corresponding to the ambiguous sentences were 
randomly assigned to two lists other than the one in which 
the respective ambiguous sentence appeared. Thus, each list 
had 18 sentences six of which were ambiguous. Within each 
sentence-type condition a list had a cluster of two 
ambiguous sentences, a cluster of two unambiguous control 
sentences corresponding to the ambiguous sentences (of the 
same type) in the second list, and another cluster of two 
unambiguous controls corresponding to the ambiguous 
sentences in the third list. As in Experiment 1, the 
related-unrelated probe words (i.e. the yes-no response 
types) were balanced within each list for ambiguous 
sentences of different types and for unambiguous sentences. 
The probe words for ambiguous sentences were also used for 
one of the corresponding pair of controls. Winer's Plan 12 
repeated measures Latin square design, similar to Experiment 
1, was followed with Ambiguous Sentence Type (T), Ambiguity 
4A), and Sentence-cluster (C) factors repeated and subjects 


(P) nested within the lists. 
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Arrangement of intra-trial events andthe intervals 
were the same as in Experiment 1. An Croce iene session 
consisted of 18 trials one for every stimulus sentence in 
the list to which the subjects were randomly assigned. 


Subjects 


The subjects were 30 male undergraduate students from 
the University of Alberta. None of the subjects had 
participated in Experiment 1. All of them were native 
speakers of English and were unilinguals. The average age of 
thevisubjectsoowas “i2tas7gnyearsvandsthe the rangetwas)\18=27 
years. All the subjects were right handed except one who 
preferred use of the left hand. None of the subjects 
reported any sensory-motor impairment. Subjects were paid 


$2.50 each for participation in the experiment. 


Apparatus 


| Experimental events and the recording of HR and RT were 
controlled by the same equipment and set up as in the first 
experiment. 


Procedure 


The experimental procedure was similar to Experiment 1. 
Since there were more trials in the present experiment the 
experimental session including a brief post-experimental 


interview took approximately 50 minutes per subject. 
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Results and Discussion 


—qeemcsamasts aoemas aa ee co es amare c= awa 


The records of subjects" heart rate were scored using 
the same procedure as in Experiment 1. The Heart Rate 
Blocking and Analysis Program was also used in computing the 
pre-stimulus HR, percentages of acceleration and 
deceleration, and second-by-second changes in the BPM 
scores. The average pre-stimulus HR for all the subjects was 
79.28. There was no significant difference among the three 
groups in regard to the pre-stimulus HR (F<1). The average 
second-by-second BPM changes over the pre-stimulus HR for 
unambiguous, and lexical, surface structure, and deep 
structure types of ambiguous sentences are shown in Figure 
2o HR changes in all the sentence conditions follow a 
Similar accelerative and decelerative pattern. Amount of 
change is generally larger for the deep structure type of 


ambiguous sentences. 


The percentage of acceleration and deceleration scores 
and the RT data were analysed in Groups x Ambiguity x 
Cluster x Sentence (Ambiguity) Type analyses of variance for 
the Latin square design. Winer's (1971, Pp. 745-748) two- 
stage procedure, described in Chapter II, was followed for 


these analyses. 
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The means of the percentage of HR acceleration were 
7.321, 7.261 and 8.387 for the lexical, surface structure 


and deep structure types of ambiguous sentences, 
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Figure 2. Mean Second-by-Second Changes in Heart Rate 
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respectively and 5.581 for unambiguous sentences. The 
summary of the analysis of weeyance. for the percentage of HR 
acceleration are presented in Table 6. As predicted, 
Aree x Sentence-Type interaction and Ambiguity main 
effects were both significant, F(4,108)=4.96, p<.01, and F 
(2,54) =62.07, p<.01 respectively. The interaction effect was 
further analysed in Scheffe tests of planned comparison. The 
effect of ambiguity, in terms of the difference between the 
ambiguous and the respective unambiguous control sentences, 
was significantly greater in deep structure ambiguity 
condition than in surface structure ambiguity condition (F 
(1,216) =12.59, p<.01) and in lexical ambiguity condition (F 
(1,216) =7.11, p<.01). The ambiguity effects in lexical and 
surface structure types of ambiguity conditions did not 
differ Significantly (F<1). Scheffe tests for ambiguity main 
effects revealed significant ambiguity effects within 
lexical (F (1,216) =36. 28, p<.01),' surface structure (F 
(1,216) =22.81, p<.01), and deep structure (F(1,216) =95.92, p 
€.01) sentence conditions. Thus, both hypotheses 1 and 2 
were supported by the resuits. The percentage of HR 
acceleration due to perceptual complexity of ambiguous 
sentences of deep structure type seem to be greater and also 
significantly different from those of surface structure and 
lexical types. The difference between lexical and surface 
structure ambiguity conditions was not significant. The 
percentage of HR acceleration data further indicated that 


ambiguity makes the perception of sentences more complex in 
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Table 6 
ANOVA summary table 
for 
the percentage of HR Acceleration scores 
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| | { { { 
i Between People { ZIRT { { 
{ 4 \ { { 
{ Groups ({G) { Zeer 20.082] 1.36 { 
{ { { { i 
{| People within Gr. (P:G) { 2k 4 14.768 { { 
{ | j { j { 
{ Within People peagso tf { 
| | i { { 
{ Ambiguity (A) | Dens 129.303{ 62.07** | 
| { { { | 
{ Sentence-Cluster (C) { 2a | 14.446{ 6.94%* | 
i j { i \ 
{ (AC)? { 2yat 8.573 | 4,12* | 
{ { { { { 
{ Residual (1) Ht 54 | 2.083] { 
{ . | { f { i 
{ Ambiguity-Type (T) { Pa 2.1484 1.46 { 
{ { { { { 
{ T Xx G { a {| 12289) 0.87 { 
{ : { { | 
{ Residual (2) { 54 { 1.474] i 
{ { { i { 
{ THe Xue { a | 5.752 320685. { 
{ | { { { 
{ AVZTL { a | 9.321 4,96** | 
| { { { { 
{ (AC)? xX T { a | 9.392{ 5.00*%* | 
{ I { i | 
{ Residual (3) { 108 {f{ 1.878 { 


Lh ere ae 
Note: All the Residual sums of squares and their respective 
degrees of freedom were pooled to obtain the Pooled MS 
error which was used for Scheffe tests. Pooled MS 
error = 1.828, df = 216 | 
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each of the three ambiguity-type conditions. 


Significant Ambiguity-Type x Sentence-cluster 
interaction effect (F (4,108)=3.06, p<.05) and sentence- 
cluster main effect (F(2,54) =6.94, p<.01) were obtained in 
the analysis of variance for percentage of HR acceleration 
scores. As pointed out in Chapter Lh; an advantage of this 
design is that the effect of differences among the specific 
sentences used in this study and their interaction with 
other variables can be separated from the rest of the main 
and interaction effects. As such, the main effect of 
ambiguity and its interaction with ambiguous sentence type 
are not confounded in this analysis with the sentence- 
cluster effects. ? However, the significant effect of 
sentence-cluster and its interactions with other variables 
Should be of concern because it indicates that besides the 
ambiguity of lexical, surface structure, and deep structure 
types of sentences other factors might also cause processing 
complexity for sentences like the ones used in this. study. 


In the usual experimental design of comparing unambiguous 


9 When the percentage of HR acceleration data were analysed 
in a 3 ,4Groups)x18(Trials) repeated measures design and 
Ambiguity main effect and Ambiguity x Sentence Type 
interaction effect were tested by Scheffe planned 
comparisons the decisions in regard to the hypotheses of the 
experiment remained unchanged. However, it is interesting 
that in spite of the obvious disadvantages of such analyses 
(see Chapter 2, Note 6) the probabilities associated with 
the significant F ratios for Ambiguity and Ambiguity x 
Sentence Type effects were smaller than those in the present 
analysis. This may be due to the fact that in former 
analysis the significant effects were confounded with 
Sentence-cluster effects. 
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sentences and ambiguous sentences of various types it is, 
therefore, possible to misinterpret an effect of sentence 


difference as ambiguity effect. 


Interactions of Sentence-cluster with Ambiguity and 
Sentence-Type ((AC) 17) and with Ambiguity ((AC)*) were also 
significant. These effects, however, are based only on 
partial eneaaticn available in this design and according 
to Winer (1971, p. 748), these sources of variation can be 
ohne Ee to be a function of the particular Latin square 
selected for use. 


R Deceleration 


The mean percentage of HR deceleration scores were 
3.992 for .the unambiguous sentences and 5.210, 5.653, and 
6.125, respectively, for lexical, surface structure and deep 
structure ambiguous sentences. The summary of analysis of 
variance is given in Table 7. The ambiguity main effect was 
Significant, F(2,54)=8.72, p<.01. Further Scheffe AASe 
revealed that the percentage of HR deceleration for 
lexically ambiguous sentences was not Significantly 
different from those for the corresponding unambiguous 
controls, F(1,216)=3.714, p>.05. Within surface structure 
and deep structure conditions, however, the differences were 
Significant, F(1,216)=4.051, p<.05, and F(1,216)=11.426, p 
<.01, respectively. The analysis of percentage of HR 
deceleration data, thus, confirms the findings of Experiment 


1 that this measure may be related to subjects attention 
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Table 7 
ANOVA summary table 
for 
the percentage of HR Deceieration scores 


ere ere a Ca et.) he) ack Ge Te ARERR GT, CC ee eerie asap | 
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te: All the Residual sums of squares and their respective 
degrees of freedom were pooled to obtain the Pooled MS 
error which was used for Scheffe tests. Pooled MS 
error= 9.369, df = 216. 
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and readiness to respond to the probe words in the reaction 


time task. 


Reaction Time 


SSeS aes eS See 


The mean RTS were 1374.67 msecs. for unambiguous 
sentences and 1373.28, 1394.55, and 1437.98 mSeCCS., 
respectively, for lexical, surface structure, and deep 
structure ambiguous sentences. The results of the analysis 
of variance, sStmmarized in Tabie 8, showed that the effect 
of ambiguity is not significant (F < 1). So, hypothesis 3 
was not supported by the se cd oe However, Significant 
Ambiguity x Sentence-Type interaction effect was obtained (F 
(4,108) =4.41, p<.01) in support of the hypothesis 4, showing 
that aanegusey effects in the three sentence type conditions 
were different from each other. The interaction effect was 
further examined by Scheffe tests of planned contrasts. The 
difference between the mean RT for the ambiguous and their 
corresponding unambiguous control sentence-clusters was 
significantly greater in deep-structure condition than in 
lexical condition (F (1,216) =4.43, p<.05). The other pairs 
ef differences between deep and surface structure conditions 
(F < 1), and between surface structure and lexical 
conditions (F(1,216)=1.32, p>.05) were not significant. 
Within the sentence type conditions ambiguity effect was 
Significant only for deep structure type of ambiguous 
sentences (F(1,216)=4.13, p<.05) but not for lexical and 


surface structure types (F <1 for both). The results show 


eo ied . 
09 LOGS TOy 


2 


tou. 


ay eta i 


ca 7 fe 
Py a i 
; f 
7 


apa } 
a * s i 
in 
' SHBOEPEADLS ~POVSWOR -.S9TVeas -Ss7 td: beeoni. 


pie be on 


t .BPusdodavds .ee) 4h > : 


‘$p9hks oat F5if Hhowode a8) Ede ak emis _ 


ee henretde 2pw.t Soatde mois: IS3nf ayy T+opaad ase zo 
a 


oadrwode 4 eteottodynd eit to se0¢qua a [PDs Pet 
enols Bbmon | sqvs sahotaes osidt on? oe aiooate ‘roiae idem: 


. % col Re 
45%, Foeiie noldgsretas, si? .ze8edto A288 sort sapx09 


Sis @ 


ced Aa i = 


eT .dt2 513 005 beagbig to 2tas3. si pisde oe hoa iiexe: seasa0 
z ot rae 


, 7 

tise) - fas aunouptam@s “dt zO2 TR asae said seated 998 eie2R Eb 
i 5 j ‘ a - ‘ppt = ase a 

2hv yqeascolss9atetnes:. fottics auoupt timenw 

. | ie 

" ‘ 


ip 

es 

ww 

7 

Se - 
BJ 

a 

oY ae 

9 
7 o 

ion 


\ 
nt gedit . ftodpgkinos cauzoudze -q9 
or 7 a es ase 
E3tsg vedio gat 6tc0.og ah teheiale efile Eo: 8. 


atoit sbaoo  stusao te SBI INS pre- qaab woeused, 2 

> | on i hy ; ig 
: isoinel., Bas gau tote esht 108 “nsuted -Bak 
i . z ' Hy i { ‘ : } : rae ia ay 7 
. stfi¥bottineie tom  seisevw Patek ees r= (PS ar a} 
nate ai 


FI i atte ‘a Lupkding: ettoitEbnos att. soi: 


ne 


She apoupi dae Yo ays “ssotsiade eas, ot mi 
fas isolbeek “aed son gga Pog oe: 
abe . -dnedaeh bile ee ou in 

‘ieee a Ts Pate, a . ee 
[oD \ ode atinees od a £4 Geieals o Yi 


a as ae 
Sy . <4R ge > Pig 


7y [> 
Ysa a 


a i 
4 Se 
, 


107 


Table 8 
ANOVA summary table 
for 
the Reaction Time Scores (in millisecs.) 


(ann Uren. 7.) a ea eee ie Weill hse 0 iy ic Rk g lh epee 
Source fardt i MS ( ¥ { 
Cn eer 
{ { { { ( 
| Between People i ae | { 
{ | ( { i 
{ Groups {G) { 2 { 127488.00] 0.36 { 
{ , { { { | 
{ People within Gr. (P:G) { 24. °3849563..25| { 
{ | { { { 
{ Within People es ie { 
j { { { { 
{ Ambiguity (A) { 2 { 18688.00] 0253 { 
{ { { { { 
{ Sentence-Cluster ({C) { 2 { 380384.63] 10.86** | 
{ { { { { 
{ qAC) 2 | 2° £20867 1528 5.96** | 
{ nes { | | 
{ Residual (1) : S404 350102371 { 
{ . i { { i 
{ Ambiguity-Type (¢T) | 2 { 18304.00] 0.42 j 
{ { { { { 
{ Puxk G { ctf  53632500{ 1.24 | 
{ { | { { 
{ Residual {2) 54 |{ 43197.63{ { 
: i { { { 
| TAXsC { G4 {| 410214.75{ 8.87** | 
{ { { { { 
{ Racer { 4 4 103776.00] G.41** | 
{ { { { { 
| q(AC)*t X T { Ga 25.1945 5251 5.44% | 
{ { i { { 
{ Residual (3) { 108 | 46248 .29{ { 
a ne ce et | 


Note: Ali the Residual sums of squares and their respective 
degrees of freedom were pooled to obtain the Pooled MS 
error which was used for Scheffe tests. Pooled MS 
error= 42676.15, df = 216. 

xED < .01 
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that the ambiguity of sentence does not affect the RT to 
probe words except for deep structure type of sentences. It 
seems, during the interval between the stimulus sentences 
and the probe words the subjects were able to resolve the 
lexical and surface structure types of ambiguity most 
likely, as Experiment 1 showed, following a process of 
perceptual suppression. Since only related «mostly to both 
the meanings) and unrelated types of probe words were given 
{as opposed to the probe words related to the less dominant 
meaning ihn Expt. 1) such resolution of ambiguity does not 


create any additional problen. 


Significant Anbiguity-Type x Sentence-cluster 
interaction effect (F(4,108)=8.87, p<.01) and sentence 
cluster main effect (F(2,54)=10.86, p<.01) were obtained. As 
pointed out earlier, these effects may be due tec the 


unigueness of the sentences used in the study. 


Discussion 


The results of HR acceleration measure support the 
conciusion drawn from Experiment 1 that lexically ambiguous 
sentences of the low ee range are most likely processed 
exhaustively and also extend this conclusion to the low bias 
ambiguous sentences of surface and deep structure types. 
Further, the degree of complexity of deep structure type of 
ambiguous sentences seem to be greater than lexical and 


surface structure types. The perceptual complexity due to 
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lexical and surface structural ambiguities do not differ 
Significantly. These results are consistent with the 
findings of Bever et al. (1973, Expt. II). In their study 
subjects were asked to complete sentence fragments; some of 
the fragments were incomplete clauses (e.g. After taking the 
Light turn at the ....) and the others were complete clauses 
(e.g. After taking the right turn at the intersection ....). 
The underlying structure ambiguity increased the RT in the 
incomplete clause condition. Although the measures of 
perceptual complexity in the present study are independent 


of any overt task performance, similar results were 


obtained. 


The significant effect of ambiguity for the percentage 
of HR acceleration and deceleration measures supports the 
fipet needs of exhaustive computation for the low bias 
ambiguous sentences of the three types. Ambiguity effect, 
however, was not significant for the RT to the probe words. 
Analysis of the significant Ambiguity x Sentence-Type 
interaction effect indicated that within the Sentence-Type 
conditions mean RT to deep structure types of ambiguous 
sentences was significantly greater than lexical type. The 
results for the RT task, thus, suggest a unitary perception 
process for the lexical and surface structure types of 
ambiguous sentences, and an exhaustive computation process 
for deep structure type of ambiguous sentences. This 
apparent conflict between the results for the HR measures 


and RT task can be resolved, as pointed out earlier, by 
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assuming that, over a period of time, the perception of 
ambiguous sentences Changes in a unitary direction either by 
a choice of one of the meanings or by a process of 
integration of one meaning into another. Further, it seems, 
a perceptual closure occurs at some point of processing of 
ambiguous sentences but it dces not always occur immediately 
at the ambiguous clause boundaty; most likely it fellows an 
interaction among the meanings and may occur at different 
points depending upon the nature of the sentences. In this 
case, the closure seems to take longer for sentences with 
underlying structural ambiguity than for sentences with 


lexical or surface structural ambiguities. 


In conclusion, the results of Experiment 2 lend further 
Support to the hypothesis that low bias ambiguous sentences 
are perceived exhaustively making them more complex than 
unambiguous sentences. Underlying structural ambiguity seems 
to make the perception of sentences most difficult whereas 
surface structural and lexical ambiguities do not differ in 
this respect. Further, even when ambiguous sentences are 
perceived exhaustively there is a tendency toward a unitary 
perception which occurs at various points depending, among 


other things, on the type of ambiguous sentences. . 
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CHAPTER IV 


GENERAL DISCUSSION AND CONCLUSION 


The ‘purpose of the study was to find out the effects of 
bias and sentence type on perception of ambiguous sentences 
in view of different models for such perception. Changes in 
HR were used as indices of processing complexity of 
sentences. Effect of bias was shown to Significantly change 
the nature of perception of lexically ambiguous sentences. 
Type of sentence ambiguity was also found to be a 
Significant variable affecting the perceptual complexity of 
sentences. The probe word task given 21 seconds after the 
off set of the sentence stimuli indicated that when both 
meanings of ambiguous sentences are perceived there follows 
an interaction among the meanings leading to a resolution of 
ambiguity. These three aspects of the study will be 
discussed in this chapter. Some implications of the study 
will be shown and its major conclusions will be summarized. 
of Ambiguous Sentences and the Language User's 


a eS aa == ee ae 


Knowledge of the World 


Results of the first experiment support the 
hypothesised effect of bias on perception of ambiguous 
sentences. When an ambiguous sentence is considerably biased 
toward one interpretation over the other only one meaning is 


perceived as suggested by the unitary perception model. If 
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the sentence is relatively unbiased toward either 
interpretation, its meanings are exhaustively computed 
making its processing more difficult than unambiguous 
sentences. Results of the second experiment support the 
exhaustive computation model for the low bias ambiguous 


sentences. 


The lexically ambiguous sentences used in the study 
were defined as those in which one of the words has two 
distinct meanings. The sentences in Experiment 1 were thus 
ambiguous from a linguistic point of view. The bias of these 
sentences were varied so that, in the context of the given 
sentences, the meanings were more or iess likely. In the 
high bias condition probability of more likely meanings of 
the sentences was higher than 80% and in the low bias 
condition it was less than 70%. The results show that in the 
high bias condition perception of ambiguous sentences is no 
more complex than unambiguous control sentences; in both 
cases only one meaning is processed. What makes the 
perception of high bias ambiguous sentences less complex 
than low bias ambiguous sentences? The answer obviously does 
not lie in the linguistic properties of the sentences. The 
perceiver of an utterance, it seems, must make a judgment of 
the likelihood of occurrence of a meaning based on his 
knowledge of the world. Perception of ambiguous sentences is 
a cognitive phenomenon. Although the scope of a formal 
ambiguity may originate in the linguistic nature - or 


syntactic properties of a sentence, the perceiver of such a 
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sentence will have to decide, on the basis of his world 
view, which events, objects or relations among them the 
speaker must have referred to. Consider the following 
sentences: 

(1). There was an apple in the box and he ate it. 

(2) There was an apple in the box and he opened it. 

(3) There was an envelope in the box and he opened it. 
According to the linguistic rules of pronominalization it in 
all of - the sentences above may refer to either of the two 
nouns. Strictly speaking, therefore, ail the sentences can 
be considered linguistically ambiguous. However, hardly any 
one would find (1) and (2) ambiguous because we know that 
ate it in (1) must refer to an apple and opened it in (2) to 
the box. But (3) is clearly ambiguous because opened it can 
refer to both an envelope and the box. An utterance may, at 
times, leave more than one alternative open but it becomes 
functionaily ambiguous only when it does not leave the 
hearer with a clear choice among these alternatives on the 
basis of his knowledge of event probabilities. Support for 
the cognitive view of sentence comprehension is growing 
Since Olson's (1970) cognitive theory of semantics in which 
he pointed out that “the semantic decision (such as the 
choice of words or sentences) iS based on sae wat von the 
knowledge of the intended referents, not on the rules 
internal to language (p. 259)." In other words, a speaker 
uses an utterance to differentiate a referent from a set of 
possible or perceived alternatives. Lenneberg (1975), in a 


posthumously published work, claimed that the linguistic 
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properties of utterances "interact inextricably with general 
probiems of knowing (p. 23)." To take Lenneberg's examples, 
among the following phrases -- 

(4) the jailing of the thieves 

(5) the bullying of the thieves 

(6) the stealing of the thieves 

(7) the stealing of the women 

48) the stealing of the infants 
the most ambiguous are (5) and (7), whereas (4) and (8) can 
hardly be considered ambiguous. The degree of ambiguity in 
these phrases is based on our knowledge of the world and not 
on any absolute linguistic criteria. In fact, the 
‘unambiguous’ phrases in the examples above can become 
ambiguous given a different context in which the judgment of 
the probabilities are altered. Thus, perception of ambiguity 
depends on the perception of available alternatives as much 
as it does on the linguistic nature of the utterance. 
Lenneberg (1975) further went on to say that the use of 
language involves a differentiation of the cognitive 
information about the world. An utterance helps the listener 
to perceive the differentiated meaning or reference intended 
by the speaker. However, when in some cases due to the 
nature of the total context in which an utterance appears, 
or even due toa discrepancy between the pate andc and the 
hearer's cognition of the available alternatives, the hearer 
fails to make a clear choice among the meanings available 
from the utterance. In such cases, he perceives more than 
one meaning and the utterance is functionally ambiguous. 


However, the fact that some other utterances, like the high 
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bias ambiguous sentences in this study can be linguistically 
analysed into two or more different propositions does not 
create any ambiguity for the hearer or the reader as long as 
in his cognitive process the reference made by these 
euteraness is clearly differentiated. A listener's cognitive 
views of the alternatives may have a blinding effect on his 
perception of an utterance; he may perceive one meaning and 
ignore another potential meaning. This phenomenon comes 
close to Lashley's (1951) idea of ‘priming of an 
association and to the Wurzburg school's concept of 
"determining tendency’, which sets the perceiver to perceive 
only. one of the available alternatives. Sometimes such 
perception may occur in spite of the linguistic structure if 
the event probabilities are predominantly in favor of a 
particular perceptual set. Clark and Clark (1977) call this 
the ‘reality principle’ of sentence comprehension. We tend 
to make a linguistic input match our existing cognition of 
the world as much as possible in deciding what the speaker 
must have had in his mind. Fillenbaum's (1971, 1974 a, b) 
works on ‘pragmatic normalisation! illustrates this 
phenomenon. In his studies sentences like: 

(9) John dressed and had a bath 

(10) John finished and wrote the article on the week 

end. 

were paraphrased inaccurately because in most cases people 
tended to ‘normalise’ the utterance to fit their view of how 


things work in the world in which people normally dress 
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after a bath and write something before finishing it.19 
Thus, in some cases, hearers or readers perceive a meaning 
that is normally more likely, in some others, the nature of 
the context, or rather the knowledge of such context, forces 
more than one meaning as possible alternatives and the 
hearers or readers perceive all the meanings. It is only in 
the latter case where a sentence becomes truly ambiguous. In 
Summary, the following words from Olson (1970) clearly 
states the cognitive view of sentence ambiguity: 


(The) sentence specifies a perceptual 
context which then has the effect of 
eliminating one of the alternatives...., 
thereby disambiguating the sentence. If 
this is true, it follows that ambiguity 
is a function of the perceived 
alternatives to the intended referent, 
not of the rules of language.... an 

’ ambiguous sentence is one that, within 
the alternatives established by the 
intent of the speaker, leaves more than 
one alternative available, that LS; 
fails to specify the intended referent 
(p. 260). 
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Results of the second experiment extended the results 
for the low bias ambiguous sentences in Experiment 1 to all 
the three types of ambiguous sentences. The percentage of HR 
acceleration data showed the perception of low bias lexical, 
surface Bacar or and deep structure types of ambiguous 


sentences to be significantly more complex than their 


10 It is interesting that when this was given to the typist 
she first typed the sentence (10) as John wrote and finished 
the article on the weekend. 
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corresponding unambiguous control sentences. Further, 
processing of deep structure types of ambiguous sentences 
was shown to be more complex than processing of surface 
structure and lexical types. The lexical and surface 
structure types however did not differ in this respect. The 
linguistic distinction between deep structure, surface 
structure and lexical ambiguities was taken as a 
conventional Classification of sentence ambiguities and in 
view of the conflicting findings of previous studies, an 
attempt was made to compare the relative processing 
complexity of these types of ambiguous sentences with their 
bias level controlled at less than 70%. It must be pointed 
out that a demonstration of a difference between deep 
structure and surface structure types of ambiguities should 
not be construed as a proof of the so called ‘psychological 
reality' of this distinction because such demonstration 
hardly shows anything about the actual processing strategy 
used by a language user. Further, the classificatory system 
ear: is only a matter of definition, it does not follow 
directly from any particular version of the theory of 
transformational generative grammar. In fact, in Aspects of 
the theory of syntax (1965) Chomsky suggested that ail 
ambiguities are necessarily resolved at the deep structure 
level. Since the conventional classificaiton of sentence 
ambiguity adapted in this study is not directly related to 
nor motivated by the logic of the deep- and surface- 


structure distinction it is hard to explain the obtained 
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difference in terms of any perceptual strategy that might be 
involved; at least, there is nothing in the results to 
suggest any. The perceptual theory of ambiguity, suggested 
by Bever et al. (1973) claims that different types of 
ambiguous sentences differ 
eeeein the extent to which the perceptual mapping 
operations used to perceive one interpretation are 
identical with those used to perceive the other 
interpretation. In lexical ambiguities, the perceptual 
rules for the two meanings are virtually identical; in 
surface structure ambiguities, they may differ 
slightly; in underlying structure ambiguities they 
differ considerably (p. 282). 
However, the so called perceptual mapping operations are 
themselves described in terms of transformational rules 
creating a circularity in the argument. Bever et al. (1973) 
also refer to ‘independence of the meanings’ as a factor 
affecting any task performance related to the perception of 
-ambiguous sentences of different types, but they do not 
provide any system to measure the ‘independence’ of meanings 
of ambiguous sentences. At best, one can say, there is 
evidence for different levels of complexity of perception of 
the three types of ambiguous sentences but the specific 
nature of perceptual process involved is not yet known. The 
issue is further complicated by the fact that the 
conventional tripartite classification of sentence ambiguity 


ma y not be suitable nor exhaustive for a theory of ambiguous 


sentence perception. 
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The results of the RT tasks in both the experiments 
show that when both the meanings of ambiguous sentences are 
computed, there is a tendency, following such perception, 
toward a unitary process. Mean RTs to different types of 
probe words could be best explained by the assumption that, 
once the two meanings are ccmputed, there is an interaction 
between them involving a mutual suppression. As a result of 
such interaction one of the meanings is either suppressed 
Or, in some cases, integrated with the other ee giving 
rise to a tentative acceptance and retention of the other. 
Time taken to suppress one meaning may depend on the 
. difficulty of the cognitive decision and also may vary from 
one type of sentence ambiguity to another. The results of 
Experiment 2 suggest that it takes longer to resolve a deep 
structure ambiguity than the other types of ambiguity. It 
must be pointed out, however, that the interpretatin of the 
results of the RT task is limited by the fact that we do not 
know at what point of processing the comprehension of a 
sentence ends and its retention begins. This distinction is 
important in view of the long interval between sentences and 
probe words in the present study. | 


Implications 


The findings of the present study have both theoretical 


and methodological implications. The study shows that 
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sentence ambiguity itself is as much a cognitive phenomenon 
as a linguistic one. In view of the fact that the 
distinction between a functional and linguistic definition 
of sentence ambiguity has created interpretation problems 
for earlier studies (see, for example, Garcia, 1976), the 
present findings are significant. From a methodological 
Bota, of view, the results of Experiment 1 also demonstrate 
the necessity of considering and controlling for the bias of 
the meanings in any study of ambiguity. The results of 
Experiment 2 show that processing of deep structure type of 
ambiguouS sentences may involve a different perceptual 
mechanism or, at least, a different level of complexity from 
processing of lexical and surface structure types. The 
nature of the perceptual process involved in this 


difference, however, is not yet known, 


Review of conventional procedures which have been used 
to study the complexity of sentence processing (see Olson 6& 
Clark, 1976) reveals a number of problems. The use of 
autonomic responses as indices of processing difficulty may 
prove to be a more useful technique than the conventional 
measures of processing complexity. As pointed out earlier, 
such measures are, in most cases, contaminated by 
interference of the task performance and task 
characteristics with the processing of the sentence itself 
and also by other factors like fading of memory, perceptual 
errors and so on (see Olson & Clark, 1976, for a 


discussion). In the present method, the measure of 
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processing complexity of sentences is relatively independent 
of any such task related factors although a task orientation 
could not be completely eliminated. 


Conclusion 


In conclusion, the results of the study, supporting a 
dual process hypothesis in regard to perception of high- and 
low-bias ambiguous sentences and showing a difference 
between the three types of ambiguous sentences, have 
demonstrated a need to consider bias and sentence type as 
important parameters in developing a theory of ambiguous 
sentence perception. The study has also shown that the 
phenomenon of sentence ambiguity is primarily a cognitive 
‘one. qowewers the factors that affect the interplay between 
language users' views of the world or his cognitive 
processes and the perception of ambiguous sentences are not 
fully known. We do not know much, for example, about the 
decision making process following the perception of 
ambiguity. Further, the mechanisms involved in perception of 
different types of ambiguous sentences are yet to be 
explored. In cther words, issues in ambiguity are far from 


settled. 
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Sentence Interpretation and Ambiguity Rating Questionnaire 
(with the lists of sentences) 
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PART I 


This is a study to investigate how English speaking adults 
analyse and understand sentences. Given here is a list of sentences 
which can occur in any conversation. We are interested in your re- 
action to these sentences when presented in isolation as this might 
shed light on the way sentences are normally analysed. Please read 
each sentence carefully and write another sentence to paraphrase the 
one given. Your paraphrase should interpret the sentence clearly. 

If some sentences seem ambiguous to you, give the interpretation that 
comes to you first. Work at a fairly high speed. It is your first 
impression, the immediate 'feeling' about the sentences that we want. 
On the other hand, please do not be careless because we want your true 
impression. Please make sure to paraphrase all the sentences. 


(Write your paraphrases starting from the next page) 
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LIST OF SENTENCES 
(Please write your paraphrases in the space below each sentence) 


THE ANSWER SEEMED CLEAR IN THE CHEMISTRY CLASS. 
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LIST OF SENTENCES 
(hitdawe write your paraphrases in the space below each sentence) 


l. THE DELIVERY BOY REFUSED TO TAKE OUT THE ORDER. 
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2. I DON'T LIKE SAILING IN THE HARBOUR. 
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ll. THE LAWYER INSISTED THAT THE ACCUSATION WAS UNJUST. 


12. THE STORY OF THE SALESMAN WAS VERY FUNNY. 


13. THE OLD MAN DOES NOT LIKE SMOKING. 


14. JIM'S FRIENDS HAVE MISPLACED ALL THE DOCUMENTS. 


15. THE ROAR OF THE FANS DISTURBED THE CHESS PLAYERS. 


2 eS Ge Om ae ae GF Ge Do 28 oe OF Ge Om 8 Ge Oe GS OD G8 Ge Oe BS 8 om Ow oe SY oe GE ED OF OP GE Ee BS OS OS om OE GD ew GE aD ow GD a oe SO GS om GD Ce SP oe OD 


16. THE CUSTOMER INSISTED THAT THE CHARGE WAS UNJUST. 
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17. THE OLD MAN WAS LYING WHEN THE DOCTOR CAME. 


18. SYLVIA DROPPED A SPADE ON THE TABLE. 
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LIST OF SENTENCES 


(Please write your paraphrases in the space below each sentence) 


THE SALESMAN WANTED LOTS OF THE SAME SIZE. 


TOM ASKED ME TO GO WITHOUT HESITATION. 
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LIST OF SENTENCES 
(Please write your paraphrases in the space below each sentence) 
\ 


MARCI: BOUGHT THE NEW EYE-GLASSES LAST WEEK. 


JACK PUT ON ANOTHER PAINT BEFORE THE EVENING. 


FRED IS THE YOUNGEST PERSON IN THE PARTY. 
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ii) 


iii) 


iv) 
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/ PART II 


Please refer to the list of sentences once more. For each 
note in the form given; 


whether the sentence seemed ambiguous to you on your first 


‘reading, 
whether it seems ambiguous to you now, and if the answer to 


either i or ii is ‘'yes', 


write a paraphrase to show the meaning of the peneenes other 
than the one you have paraphrased earlier, 

Further, 

rate each sentence on a 7-point scale of Ambiguity like the 
one given below: 


Non-ambiguous : 1: 2:3: 4: 5 : 6: 7. : Ambiguous 


ee ee 


If you think that the sentence is not ambiguous at all, you should rate 


the sentence as 1; if you think it, highly ambiguous rate it as 7. If it 


seems fairly ambiguous to you rate it as 4 and so on. Remember: The 


more ambiguous a sentence is the higher is its rating in a 7-point scale. 


Again, work fairly quickly. 


Thank you very much for your cooperation. 
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For each sentence please answer the following: 


i ? ii 1ii iv 
Sentence Did it seem Does it seem If the answer to either i or 41is Rating on 7-point 
Number ambiguous ambiguous to '‘yes', write a paraphrase to show scale of Ambiguity 
to you on you now? the meaning of the sentence other 
first read- than the one you have paraphrased 
ing?. earlier, 


(Circle one) (Circle one) 


aaa 


ale yes/no yes/no 
2. yes/no yes/no 
She yes/no yes/no 
4. yes/no yes/no 


14. yes/no yes/no 


15. yes/no yes/no 


on 
i 


sera ee aonr 


i . 


Pitas ets 


Ph aes 


a i 


Sentence 
Number 


ee 


i 


Did it seem 


ambiguous 
to you. on 
first read- 
ing? 


(Circle one) 


ee 


ai 
Does it seem 
ambiguous to 
you now? 


(Circle one) 


pin 


If the answer to either it or ilis 


‘yes', write a paraphrase to show 
the meaning of the sentence other 
than the one you have paraphrased 
earlier. 
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iv 


Rating on 7-point 


scale of Ambiguity 
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Stimulus Sentences and Probe Words used in the study 
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EXPERIMENT 1 


sentences? Probe Words & Type 


a se ee a a ee es a ae Se Se Se eS Se ee ee Se ee ee es eee Ge ee ee ee ee 


(List 1) 
The worker was continually bothered 


by the cold.* WINTER (Y¥:d) 
The office was flooded due to the 

heavy rain. DANCING (Ns: un) 
The chemical liquid seemed clear in 

the chemistry class. COLOR (Y:un) 
The businessman became rich because 

of his industry.** SKY (Nsam) 

The realtor wanted plots of the same 

size. DAY (Nsun) 
Sylvia dropped a piaying card on the 

table. GAME (Y: un) 
Jim's friends have misplaced all the 

records.* TREE (Nsam) 
The driver tcok a correct turn at the 

intersection. HELP (Nsun) 
The roar of the fans disturbed the 

chess players.** CONCENTRATION (Y¥:b) 
The lawyer insisted that the price 

was unjust. COSTLY (Ys:un) 
Jack put on another jacket before 

evening. HARBOUR (Nsun) 
The chairman of the department has ADMINISTRATION 
two jobs. (Y: un) 

(List 2) | 

The driver took a right turn at the 

intersection. * TRAFFIC (Y¥:b) 
The answer seemed clear in the 

chemistry class. HEALTH (Nsun) 
The land was flooded due to the heavy 

rain. WATER (Y¥:un) 
The realtor wanted lots of the same 

size. * DAY (Nsam) 
Jim's friends have misplaced all the 

record albums. MUSTC (Y¥s:un) 
The roar of the ventilators disturbed 

the chess players. GREEN (N:un) 
The lawyer insisted that the 

accusation was unjust. PICTURE (Ns un) 


The chairman of the department has 
two appointments, ** MOUNTAIN (Nsam) 
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Jack put on another coat of paint 
before evening. 

Sylvia dropped a spade orn the 
table.** 

The businessman became rich because 
of his factory. 

The worker was continually bothered 
by the weather. 


(List 3) 


The realtor wanted many items of the 


same size. 


The bank was flooded due to the heavy 


rain. ** 

Sylvia dropped a spoon on the table. 
The solution seemed clear in the 
chemistry class.** 

The driver took a left turn at the 
intersection. 

The chairman of the department has 
two engagements. 

Jack put on another coat before 
evening. * 

The businessman became rich because 
of hard werk. 

The worker was continually bothered 
by the disease. 

The lawyer insisted that the charge 
was unjust.* 

The roar of the spectators disturbed 
the chess players. 

Jim's friends has misplaced all the 
books. 
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BRUSH (Y: un) 
GAME (Y¥3:d) 
SKY (Nsun) 


WINTER (Y:un) 


BUSINESS (Y:un) 


DANCING (Ns am) 
BOY (N:un) 


COLOR (Y:n-d) 
TRAFFIC (¥: un) 
MOUNTAIN (Ns un) 
HARBOUR (N:am) 

MONEY (Ysun) 
TELEPHONE (N:un) 
COSTLY (Y¥:n-d) 
CONCENTRATION (Ysun) 


TREE (Ns un) 


ee eee Gee Ee ae ene Cre a ane ee Ce oe ee cr ee Se oe ee es ee a es eae eo me ee ee ee op ewe ee we os es 


Note 1: 
presentation. 


Sentences are listed in the order of 


* High bias ambiguous sentences. 


*x* Low bias ambiguous sentences. 
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EXPERIMENT 2 


Sentences! 


Son ewe les GES cea ee 


General sent the troop more than a 
month ago. 

The cook knew how beef tasted good. 
Visiting relatives could be 
bothersome for the couple.*** 

On rememberance day the president 
gave a lecture. 

The pharmacist could not find any 
correct answer. 

Marcia bought the wine glasses last 
week. 

Only the young people iaugh at the 
church. ** 

John is the one to help us today. 
Fred is the youngest person in the 


party.* 

The disease often bothers the doctors 
patient. 

Bill claimed that Don was easy to 
please. 


The salesman wanted lots of the same 
size. * 

The new ballet dancers are funny 
people. 

The old man does not like smoking.*** 
The graduating doctors were the ones 
to get attention. 

The police wanted to open the 
investigation. 

Tom asked me to go without 
hesitation. ** 

The mayor requested the police to 
forbid drinking. 


(List 2 

The police wanted to open the brief 
case. , 

Fred is the youngest person in the 
meeting. 

The pharmacist could not find any 
chemicai mixture. 


COLOR (N:un) 
MEAT (Y:un) 


GAME (Nsam) 
MEETING (Y:un) 
BOY (Nsun) 
DRINKING (Y:un) 


RELIGION (Y:am) 
VOLUNTEER (Y:un) 


SKY (N:sam) 

HARBOUR (Nun) 
SATISFY (Ys un) 
BUSINESS (Y:am) 


DAY (Neun) 
CIGARETTE (Y:am) 


ICE (Nsun) 
STEALING (Y:un) 
CLOUD (Ns am) 
BRUSH (Ns:un) 
MOUNTAIN (Nsun) 
GATHERING (Y: un) 


LIQUID (Y:sun) 
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The new ballet dancers are amusing 
people. ** 

Only the young peopie dishonor the 
church. 

The cold often bothers the doctor's 
patient.* 

The general sent over the troops a 
month ago. | 
Bill claimed that Don was quick to 
please, *** 

The visiting relatives could be 
bothersome for the couple. 

The old man does not ailow smoking. 
The graduating doctors were the ones 
to stand. 

Marcia bough the new glasses last 
week. * 

The president gave a lecture about 
rememberance day. 

John is the one to need help today. 
The cook knew how good beef tasted.** 
The salesman wanted many items of the 
same size. 

The mayor requested the police to 
stop drinking. *** 

Without hesitation Tom asked me to 
go. 


(List 3 

The salesman wanted plots of the same 
size. 

The president gave a lecture on 
rememberance day. ** 

Fred is the youngest person in the 
organization. 

The graduating doctors were the ones 
to watch, *** 

The weather often bothers the 
doctor's patient. 

The mayor requested the police to 
guit drinking. 

The police wanted to open the case.* 
The old man does not like to smoke. 
The cook knew how fresh beef tasted. 
Billi claimed that Don was eager to 
please. 

Maria bought the new eyeglasses last 
week. 

Tom asked me to go without hin. 

The general sent the troops over a 
month ago. ** 

The new ballet dancers are amusing 
the peopie. 


DAY (Nsam) 


RELIGION 


(Y sun) 


WINTER (Y:am) 


BATTLE (Ysun) 


TRAFFIC (Ns: am) 


GUEST (Ys: un) 
PICTURE (N¢ un) 


MEDICINE 


(Y:3 un) 


TREE (Nsam) 


WATER (Nsun) 
GREEN (Nsun)- 
MEAT (Ysam) 


DANCING (Ns: un) 


BEER (Y:am) 


CLOUD (Nzun) 


BUSINESS 


(Y:un) 


MEETING (Y:am) 


SKY (N:un) 


MEDICINE 


(Y 3 am) 


WINTER ¢Ysun) 


BEER (Ys un) 


MOUNTAIN 


CIGARETTE (Y:un) 


(Noam) 


MUSTC (Nsun) 


TRAFFIC (Ns: un) 


TREE (Ns un) 
REQUEST (Ys un) 


COLOR (Nzan) 


PLEASANT 


(Y:un) 
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Visiting the relatives could be 


bothersome for the couple. GAME (Nsun) 

The pharmacist couid not find any 

solution.* LIQUID (Y:am) 

Only the young people laugh in the 

church. . TELEPHONE (Neun) © 
John is the one to help today.*** GREEN (N:am) 


Note 1: Sentences are listed in the order of 
presentation. 


* Ambiguous sentences -- Lexical. 
** Ambiguous sentences -- Surface structural. 
***x Ambiguous sentences -- Deep structural. 
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A comparative summary of the 
models 
of Ambiguous Sentence Perception 
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Models of Ambiguous Sentence Perception 


ws mma awe Gre ams ee ee eo awe = rm om co oe oe a 


1. Unitary 
perception by 
selective access to 
one meaning of 
ambiguous 
sentences. 


2. Processing of 
ambiguous sentences 
is not more complex 
than unambiguous 
ones. 


3. When two 
meanings are 
perceived, 
perception of one 
is independent of 
perception of the 
other. 


4G, a) Prior 
context, bias, and 
set etc. help 
priming one meaning 
that is perceived. 
b) Subsequent 
context justifying 
the second (not 
perceived) meaning 
initiates 
reprocessing of the 
ambiguous 
sentences. 


A comparative summary 


SaaS GH a a 
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1. Exhaustive 
computation; both 
meanings are non- 
selectively 
accessed. 


2. Processing of 
ambiguous sentences 
is more complex 
than unambiguous 
ones. 


3. Both meanings 
are processed until 
a perceptual 
closure at the 
clause boundary. 
Beyond this point 
only one meaning is 
retained. 


4. Context, bias, 
and set factors 
probably help 
selection of one of 
the two meanings 
but do not affect 
perceptual 
complexity due to 
access of two 
meanings. 


1. Exhaustive 
computation; both 
meanings are non- 
selectively 
accessed. 


2. Processing of 
ambiguous 
sentences is more 
complex than 
unambiguous ones. 


3. Both meanings 
interact ina 
mutually 
suppressive manner 
until one is 
activated and the 
other meaning is 
released from 
inhibition. In 
effect, there is a 
perceptual 
fiuctuation fron 
one meaning to the 
other. 


4, As the 
probability of one 
of the two 
meanings increases 
due to the effects 
of bias, context, 
and set etc., the 
processing 
difficulty 
decreases. 
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5. Tasks given 
during the 
precessing of 
sentences do not 
differentiate 
ambiguous and 
unambiguous 
sentences. 


6. For different 
types of ambiguous 
sentences 
processing is not 
more complex than 
Similar unambiguous 
sentences. 


5. a) Pre-closure 
tasks differentiate 
ambiguous and 
unambiguous 
sentences; post- 
closure task do not 
do so. 

b) Tasks requiring 
a response for 
which any one 
meaning is 
acceptable show 
facilitative effect 
of ambiguity, 
whereas tasks 
requiring a choice 
among the meanings 
show performance 
difficulty due to 
sentence ambiguity. 


6. a) In the case 
of tasks for which 
perception of any 
one meaning is 
Suitable (e.g. 
sentence production 
task), facilitation 
due to ambiguity is 
greatest for the 
deep structure 
type, followed by 
surface structure 
and lexical types. 
b) In case of tasks 
requiring a choice 
among the two 
meanings (e.g. 
sentence completion 
task) performance 
difficulty due to 
ambiguity is 
greatest for deep 
structure type, 
followed by surface 
structure and 
lexical types. 
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5. Tasks given 
during the 
processing of 
sentences show 
greater difficulty 
due to ambiguity. 


6. No specific 
relationship 
between perceptual 
complexity and 
type of ambiguous 
sentences. 


ee = om a coe ee ces a a ey me er en se we Se es 


- x 


woul 1a: 


Pl ILIOSOGA « , 
4s ‘2? ~ 
e ae ? cd 
r 
SuaAg?e Ts eo Fo a 
surg | ae 
Soa yrixeLlowoo 
veypidas To sae 
) f . 
«2ED 19709 


rs 


none — 7 da ae ha i te i Naa ie lk Ok . 


vos saa 

4 ont ab b 
to. Per Resse ae 
aoonesaee 
yoiuol 2328 197 AOTD. 5 


'<¥ Lupitins oF eg). tom OF Hage a2sa0l5 


on Te 


fa: aa fp ~1 - a 

i qoreen., ane 
sas “ee “REO 6 
er ge he  eHeopedaes 
eae peente 799% 


“ 


es ‘ “O28 | J 
pataiope 2 es @rArat 46 
TOI senodsst £ 


at 
ee 
7 


seiadth ighedlie stoic 


. ' 
SSroio s& Parwteps 
: 
SPI SSh Suis PROWS 
$5; 1x03 2 


FeED d+ wT {s aa 
f * »afe ep 

rt rz hs te 
Yin » gO Lt 99NTRg 
SE xt : 200 
a} Sicsrtes 
1HO.£3 io" : 23198 

> ¢ af 


azstiouyits qeeb 

yi hbswollot ,sqvz 

- be . 
Squiovs3a gos TIES 
eeogys i6ofx9el bas 
shane dO Senr al. td 


wv 
i 
© 
Vv 
be 


PH te Sa Pez 

Ove dt onogs 

«PeS) B@painsen 

basa veal ‘apni SOAs +a 

eIiamIOtI9g) (tess 

¢#iuod TLEb 

at ytiupidgs 

qoah Tod Fecisesty 
OF? Ste s>nrte 

esedzda yd Bevoliot 
Bee sIsyoutts 

ae isatxet 


Py 
iv i ed y 
4 o oy, 


rc 
Re 


gu 


Poa re wy ays 


5 


2¢ porns oe - 


wae 


“eeu ds oops £) ie @ «| 


os 
= 
is : os 
bg i yi 
mie 7 
a ae 4 
4s held 
ie >. 
. 
of 
ey 
ne i 
a a4 
ms iT" 
is a Zz 
oe! a 
~ Gna 
r 
~ * 
Sa8 
e 
vied 
1 ~~ ey om 
i; 


Hes. rt 
+ae7S2255 to% 

suomi ink 20.2 
29D ‘f 

gon eh. pal aas 
asd}. xelqaoos i 


~ 


} id a 
” ag sBevugs - 

eines 
" _ 

i: 

n Soc 

ie 7 
id ' 
ae ; 
* a ane my 
+t oe Le 


7 4 i 
he ee 
we 7 
“ - Ps /- 


. is _ if e- Wr on 
; ie, 9 a a ‘ aa mit i fay : ro 
r iL fe) mh Y ae eri hs 7 WAY OSitea 
ape is Set Oe ; arora At aay ayers 
ae a oy 7 17) yy (Lae ea era : vis M 
i : } ate r ; irre : 
7 >. y a 4+ ie. on : ohh ey ss ee j a. oa) 
7 kk > eh ; ey on os ee Dhe (inn @ is fy j +) 
rs : : ee hig ee Nee Uma f 
" ¥ - - : ; Py» i Aas 17. i- ‘ ta : 
: iP vite Lay) Sue. if ie 
veri a! ° ae 
ef, lt i. 
va e 
fy Wy 


i ut 
is 
, 


; we 


ay { 


a 


Pap 
: 


"4 


nr 


5 
ce 


idea led 
ile? loi, 
iS dad 
a, eS, 


ht ae ; 7 ¥ * a 
“Sa oe 4 

i Ale “ a 4 
‘ ay ms en 


